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More Than You Wanted to Know About Prelims 


Exams are probably the last thing you want to hear about right now. 

It's difficult to think about tests before you have even started graduate 
school. Experience has shown, however, that taking prelims early can make your 
first two years at Berkeley much pleasanter. The purpose of this letter is to 
tell you what prelims are like and to convince you to take two or more when 
you arrive. 

The official department description of the graduate preliminary exams is 
in two places: the introductory letter from the department, and the sheet 
giving the dates for the fall prelims. If you have not .yet read them, do so now. 
That description is the rulebook, so to speak, while this letter is a compilation 
of facts and observations written from a student's point of view. 


The Purpose of Prelims 

The department strongly feels that each candidate for the Ph.D. must 
attain a minimum level of proficiency in all the basic areas of physics. To 
insure this, they require that graduate students take a number of classes 
and that they pass a set of preliminary examinations. It is only at this 
point that students begin to specialize, which in most cases means beginning 
research. 

Thus there are two distinct phases in the life of a graduate student. 

For the first year or two he takes classes and after that he does research. 

Of course, it is a good idea to get involved in research early if you have 
the time, and you will probably continue to take classes when you first 
become an R.A., but the division does exist. Prelims are in a very real way 
the dividing line. Most people cannot start doing research until they 
pass them. 

In the past, many students (not all, by any means) have found prelims 
to be a major emotional trauma, something that is hard to describe until you’ve 
been through them. This letter is written in the hope that, at least to some 
extent, more knowledge will mean less worrying. And more studying. It is 
fairly long, but we think there is a lot to say. 


What Do They Cover 

The boundaries of what you are expected to know on prelims are deliberately 
kept vague, so that the people who write the exams will have a lot of 
freedom to make up questions. It would be fair to say that a fresh knowledge 
of a subject as taught in a good junior or senior level course would be enough 
to pass everything except QM (quantum mechanics). For QM, a first year graduate 
course will probably be necessary to insure adequate preparation. By the time 
you get here your knowledge won't be fresh anymore, so you'll have to do some 
studying. Sorry about that. 
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Saying that a good undergraduate background is all you need to pass 
prelims is deceptive in that, although the prelim questions rarely require 
you to know any "fancy stuff," the type of question that you'll be asked will 
be significantly different from a typical, undergraduate exam. This is 
something you can really understand only by looking at old prelims. For example, 
on many problems you'll need to make some kind of approximation to get an 
answer. It will be up to you to figure out that an approximation is necessary 
and what approximation is valid. Many problems also require you to combine 
your knowledge of several phenomena. 

Note that the statistical and thermal physics exam covers all of 
thermodynamics, some transport theory and a fair amount of kinetic theory. 

It is not intended to be mostly statistical mechanics. A knowledge of 
special relativity might be useful on any of the four exams. 


How to Study for Them 

Almost certainly the best way, and perhaps the only way, to study for prelims 
is by doing old exams. There are certain types of problems that come up again 
and again and the only way to know what these are is to look at old prelims. 

But don't just look at them. Do them. Start with Spring 1977 and work backwards. 
Go through at_ least 4 years' worth of old prelims. Enclosed in this mailing 
are copies of old prelims for Spring 1977 and Fall 1976. If you want to look 
at other exams, write a letter to Teri Doizaki, the graduate secretary for the 
Physics Department. She'll mail you a book of exams going back to 1967 or so. 

In any event pick up the book of old exams when you get here. It's free 
and useful. Also, Min Chen has published a book containing prelim problems 
and solutions from about 1962 to 1968. If you like to see solutions worked out 
it might be useful. But remember that the prelims change over a period of 
years and that many of the problems there are no longer appropriate. People 
have discovered that the QM and thermodynamics exams are especially dated. 

E&M no longer has as much emphasis on optics as it used to, although you 
can generally still expect at least one optics question on any E&M exam. 

In the past some people have found Min Chen's book valuable and others have 
felt it to be useless. In any case, you may want to look it over. The 
price is $7.95 and the title is University of California Berkeley Physics 
Problems with Solutions . 

If you get here in September and are studying for prelims and want someone 
to study with, talk to Teri. Or, if you aren't sure how to do some of the 
problems go and find the professor who taught the course last year, or the 
one who will teach it this year, or anyone else whom you think will know the 
answer. Make a nuisance of yourself. Most professors will be friendly and 
willing to spend time with you. 


When To Take Them 

Take at least two in the fall unless you absolutely can't study for them 
at all over the summer. It's definitely the best way to go. If you pass, 
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you're part-way home. If you fail, then you have time to think about taking 
a course here in the subject. If, like most of your classmates, you'll be 
taking courses in E&M and QM when you come here, one good idea would be to 
take the statistical mechanics and classical mechanics exams in the fall, 
because E&M and QM will probably be less painful in the spring, when they're 
fresh in your mind. This has the further advantage that you'll only 
be taking one exam per day, with a week between them. A schedule telling you 
when each exam is given is enclosed. 

If you've already had the equivalent of Physics 210 (E & M) or 221 (QM) 

and are thinking of not taking them (to do so, you need the O.K. of the 

professor teaching the course, which usually isn't hard to get), you could 
take the prelim covering the course you are thinking of skipping. If you 
fail, you might want to think again. Or you might not. Or you might pass 
the exam and take the course anyway. People have done all three. 

If you start taking prelims in the fall of your first year, you have 
four chances to pass and if you begin in the spring you have three. If you 
don't take them when you arrive you lose one of your chances. And it 
doesn't hurt to fail—no one in the department will think less of you 
because you failed the first time around. 

You should be warned, however, that failure to improve may be held against 

you. If you score 50 (failing), 55 (failing), 55 (passing) on three 

consecutive attempts at the same exam, the faculty are not likely to be 
convinced that you understand the material simply because you finally passed 
the test. And they are the people whom you have to convince. 


How Hard are They to Pass ? 

It can definitely be said that the prelims are not designated as a way 
to cut down the size of the entering class, and it is entirely possible for 
everyone to pass (everyone did in 1972). So you're not competing against 
anyone else, only against the department's idea of what a physicist is 
supposed to know. Still, experience has shown that the majority of people 
will not pass all four exams the 1st time around. 

Over the past 6 years, an average of about 10% of the entering class 
has not passed prelims and have been asked to leave the department. As far 
as individual exams, statistics are available only for the past four sets of 
exams and vary significantly from test to test. Passing grades have ranged from 
40 to 75—a result of the fact that it is impossible to gauge the difficulty 
of an exam until it is given. Passing percentages go from 47% (22 out of 47) 
to 73% (31 out of 42). The fact that a significant number of people have to 
repeat exams is one reason to start taking them early. 
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How Are They Graded 

Twice each year, the department chairman, Professor Chew, appoints four 
faculty members to a Prelim committee. Usually each member writes one of the 
four exams and grades. Sometimes, as happened this spring, the committee 
as a whole writes the exams. In theory, all members of the committee should 
check over each exam to make sure the questions are reasonable. In practice, 
this often doesn't happen, which is one reason why the quality and difficulty 
of the exams varies a lot from year to year. Theory would also have it that each 
committee member checks over the grading of each of the other exams to make sure 
there are no grading errors. But in practice, major grading errors can occur, 
so if you fail, get your exam from Teri and check it over. Cases of students 
asking to have exams regraded are not uncommon and sometimes result in changing 
a failing to a passing grade. 

The passing grade on each exam is decided on by the prelim committee as a 
whole, and their decision is final. 

After you've taken one of the prelim exams your record will contain 
the following information, which is available to any professor who wants to 
look at it. 

1) Your grade 

2) The passing grade 

3) Your rank on the test (e.g., 14th out of 35 people taking the exam) 

4) The average grade on the test 


O ral Prelims 

After passing all four written exams or running out of tries you will take 
two 1-hour oral exams. One oral will cover "classical physics," E&M, thermodynamics 
and mechanics, and the other deals with "modern physics," QM, atomic physics and 
the like. The quality and difficulty of the orals depends on the professors on 
your committee (two professors per exam). The department office has an unofficial 
and confidential (as far as the faculty is concerned) collection of comments 
on individual orals committees compiled by graduate students who have taken the 
exams. You may want to look at this when the time comes. 

The orals committees do not have access to your performance on the writtens 
(your written prelim grades are removed from your file by a secretary before 
the file goes to the oral committee). This is an attempt by the department to 
insure that the orals committee members do not have preconceptions about 
your weaknesses or strengths. 

Orals are usually only important if you are marginal on the written exams. 

If you pass your written exams by a wide margin, it will be difficult to fail in 
the orals. But, especially if you've never taken an oral exam before, practice 
orals might be useful, as much to give you more confidence at a blackboard as 
anything else. 
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You will receive a grade on each oral exam, but everyone recognizes that an 
oral exam is a very imprecise measure of ability, so the grade isn't given 
much weight even by professors who care about prelim grades. 

The day of the orals, the whole faculty meets to decide the fate of the 
students who have been examined. For people who have done well on both the 
written and oral exams, this is a formality. But the department spends a great 
deal of time discussing the less clear cut cases. The rules of the preliminary 
exams are left vague so that the department has some choice in such cases. 
Passing all four exams marginally does not insure that you will be permitted 
to stay on if you don't do well on your orals, and failing one of the exams 
doesn't always mean that you will be asked to leave. The faculty tends to look 
at other factors in questionable cases. Undergraduate background, coursework 
and TA performance are considered. 


Do Professors Care About Prelims ? 

Some do, some don't. While many members of the faculty think of prelims 
as pass-fail exams, others take the grade and rank quite seriously. Your 
actual score may be more important if you want to work in a field that is 
overcrowded (i.e., one in which it is difficult to find an R.A.), for example 
particle theory or solid state. 


In summary, what we've been trying to say is: 

1) They're difficult but not impossible 

or 2) Get scared enough to make yourself study hard for them. 

but 3) don't let them become a threat to your sex life or your 

sanity; remember that you have 4 tries, and you only have 
to pass each exam once. 


fttastk HAoslN 

Michael Budiansky Marjorie Shapiro 


rjorie Shapi 


Bernie Black 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Examination I 
torch 29, 1969 - 9:00 A . M. to 12:00 Noon (Rm. 50 B) 


MATHEMATICAL METHODS AND MECHANICS 

Closed book examination . No notes, tables, or other references are to be 
used. 

Slide rules may be used. 

Blue books must be used. 


MATHEMATICS 

(12 pts.) 1. In terms of the quantity g( u ) s 

for the Fourier transforms of the following functions: 

(a) f(x-x Q ) 

(b) xf(x) 

(c) df(x)/dx 

(12 pts.) 2. Find the function f(x) which satisfies the differential equation 

= &(x-a) 

dx 

subject to the boundary conditions f(o) ■ 0 and f(2a) ° 0. The 
function f (x) must be continuous at all values of x. 


/ 


f(x)e~ iUx dx. 


write an expression 


(12 pts.) 3. Evaluate the double integral 

1 a J dx J dy (x^ + + l) 


2/3 


where z(x,y) ■ y + tanh x' 
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(12 pts.) 


(24 pts.) 


[2k pts.) 


2k pts.) 


4. Evaluate 


MECHANICS 

5» Imag ine the CO 2 molecule as two equal point masses M joined along 
a straight line to a central point mass m by two massless springs 
with the same spring constant k (see figure). 



(a) How many degrees of freedom does this system have? Sketch 
the normal modes of the system. 

(b) Calculate the frequency of those modes of vibration in which 
the motion is confined to the straight line joining the masses. 

6. A spherical bowling ball of mass M and radius R is thrown such that 
it translates without rotation at a horizontal velocity v D and with 
a negligible vertical velocity an instant before it strikes a hori¬ 
zontal bowling alley. After a few bounces it rolls without slipping 
along the alley. What is the horizontal velocity of its center of 
mass at this time? (Neglect the finger holes). 

7. A diatomic molecule consists of two atoms each of mass A (in units of 
proton mass), with an interaction energy 

^ ( r ) = -fo - \- 

r r 

(4 is measured in electron volts, r is the atomic separation in 

Angstroms). 

(a) In the absence of radial vibrations, find the atomic separation 
as a function of the angular momentum of rotation. 

(b) In the absence of rotation, find the frequency of small- 
amplitude radial vibrations. 

(A classical description may be used throughout this problem.) 


/ 


dx 


1 + x 


University of California, Berkeley 
Department of Physics 


(20 pts.) 


(20 pts.) 


(20 pts.) 


Preliminary Graduate Examination II 
March 29, 1969 - 1:30 P.M. to 4:30 P.M. (Rm. 50 B) 


STATISTICAL PHYSICS AND OPTICS 

Closed book examination . No notes, tables, or other references are to be used. 
Slide rules may be used. 

Blue books must be used. 


STATISTICAL PHYSICS 

1. A dilute gas is in a spherical container, which has a very smtall hole, 
allowing molecules to escape into the vacuum outside. Since the 
faster molecules are more likely to escape than the slower ones, the 
temperature of the remaining gas will decrease. Find the time deriva¬ 
tive of the temperature. 

2. A dilute gas is in a container which is separated into two parts by 
a thin diaphragm punctured by a small hole. 



Initially the pressure and temperatures are different on either side. 
Eventually the gas reaches thermal equilibrium. Find the change in 
entropy, when equilibrium is reached by means of 

(a) molecular flow through a very small hole, whose radius is 
much less than a mean free path; 

(b) aerodynamic flow through a sizeable hole, whose radius is 
much larger than a mean free path. 


3. A gas of atomic hydrogen is in thermal equilibrium at a temperature 
1500°K and a pressure 1 ran Hg. Calculate the relative populations 
of the ground (n n l) state, the n**2 state and the n=3 state. 

Show that the contribution to the specific heat of the gas from 
excitation of these atomic levels is small compared to that from 
the random motion of the atoms. (Ignore higher excited states and 
ionization). 
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(20 pts.) 


(20 pts.) 5 


(20 pts.) 


OPTICS 

Consider plane polarized light incident on a piece of glass of 
refractive index n, with the wave polarized in the plane of in¬ 
cidence. Confute the reflected intensity as a function of the 
angle of incidence, and, in particular, find the angle for which 
the reflected intensity is zero. 


. A 1200 nHz radar signal is reflected by a metal flying saucer 
passing directly overhead, into a radar receiver that is located 
beside the signal generator. Sketch a qualitative curve of the 
intensity of the received signal as a function of saucer diameter 
between 1 cm. and 20 meters. Explain the principal features of 
your sketch. 


A thin lens, of focal length f, makes a real image of an object, 
placed a distance p to its left, onto a screen, placed a distance 
q to its right. Suppose you want to double the size of the image, 
by inserting some thin lenses, without moving the object, the 
initial lens, or the screen, nor destroying the focus. Design a 
solution using the smallest number of thin lenses (of any f and 
position) you can. 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Examination III 
March 31, 1969 - 9:00 A.M. to 12:00 Noon (Rm. 308 L) 


ELECTRICITY AND MAGNETISM 

Closed book examination . No notes, tables, or other references cure to 

be used. 

Slide rules may be used. 

Blue books must be used . 

(20 pts.) 1. Given that the measured electric field in a certain region of space 
is constant in time and oriented as below, use Maxwell's equations 
to draw all possible conclusions about currents, charges, and mag¬ 
netic fields iia this region of space. 



(20 pts.) 2. A circular disk of radius R and thickness T has T«R and is uniformly 
magnetized with intensity of magnetization 2 parallel to its thickness. 
Find the fields £ and 2 everywhere along the axis of symmetry of the disk, 
both inside and outside of the disk. 
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(30 pts.) 


(20 pts.) 


(30 pts.) 


3. A rectangle of perfectly conducting wire having sides a and b, 
mass M, and self inductance L, moves with velocity v G from a 
region of zero magnetic field into another in which the magnetic 
field B q is uniform and perpendicular to the plane of the 
rectangle. Describe analytically the motion of the rectangle 
as a function of time. Note that there are two classes of 


B - B q 

XXX 

XXX 

XXX 

XXX 


4. A spherical lump of sodium iodide with radius r Q and 
charge Qq is released in a supersaturated cloud, where 
upon a spherical drop of water of radius R, electrical 
conductivity 0 , and dielectric constant c, immediately 
forms on it. Compute the charge of the sodium iodide, 
as a function of time. Assume that the sodium iodide 
does not dissolve in the water. 



solution, depending upon the magnitude of v Q . 


T 

b 

I 


B = 0 



5. 


A wave of frequency w is propagating in the longest wavelength TM 
(Hjj'O) mode along an infinite slab of dielectric constant € and 
thickness b. The dielectric is embedded in vacuum. Derive a rela¬ 
tion between the wave number (propagation constant) kj and u>. 


Assume 



> 



z 


> 









University of California, Berkeley 
Department of Ihysics 

Preliminary Graduate Examination IV 
March 31, 1969 - 1:30 P.M. to 4:30 P.M. (Rm. 308 L) 


ATOMIC PHYSICS AND QUANTUM MECHANICS 

Closed book examination . No notes, tables, or other references are to be used. 

Slide rules may be used. 

Blue Books must be used. 

(20 pts.) 1. Consider a proton moving through interstellar space filled with black body 
radiation characterized by temperature T » 2.7°K in the local galactic 
rest frame. Estimate the proton momentum in the frame such that its 
collision with an average energy photon can create an electron-positron 
pair. 


(4o pts.) 2. The deuteron, a bound state of a neutron and proton, has binding energy 
2.2 mev, total angular momentum one and magnetic moment 0.86 m q . 

(Uo * nuclear magneton “ |—— ) 


(a) Discuss how these three quantities may be experimentally 
determined. 

(b) Give an argument to show that the ground state has orbital 
angular momentum i * 0, so that the ground state is 3s T not 
1 P. You may make use of the facts that the free proton has a 
magnetic moment Up » 2.79 U 0 and the free neutron a magnetic 
moment p n * - 1.91 Uo • 

Represent the attractive n - p potential by a three-dimensional 
square well. The radial Schrttdinger equation is: 




+ V(r) 


R(r) 


E R (r). 


for R(r) art (x,y,z), when t is an « ■ 0 state. 

(c) Derive a relation among the well depth, the binding energy, and 
the well radius. 
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(d) Derive a formula for the probability that the distance between 
neutron and proton exceeds the well radius. 

(e) It is known that the force between neutron and proton is the same 
as that between two neutrons. Reconcile this fact with the non* 
existence of a stable bound two-neutron nucleus. 


(20 pts.)3. (a) Confute the classical distance of closest approach of a one MsV 
proton traveling towards a beryllium ( 4 protons, 5 neutrons) 
nucleus, and compare this distance 'with the radius of the 
beryllium nucleus, which is 2.5 x lCT^cm. 

(b) Since the classical distance of closest approach is greater than 
the sire of the beryllium nucleus, it might he thought that a one 
MeV proton cannot have a nuclear reaction with beryllium, but it 
does. Explain why by sketching a simple one dimensional model 
complete with wave equation. 


(lK>pts.)b. (a) Describe the excited states of Na (Z“ll). Label the levels 
spectroscopically, turning on the perturbation terms one by 
one. 


(b) Why are the 3s and 3p states not degenerate as they are in 
hydrogen ? 

(c) Estimate the size of the fine structure splitting for H-like 
states of high n. 

(d) Draw in the possible transitions, using selection rules. 

(e) What is the Lande g-factor for the 3p states? 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Examination I 
Room 308 LeConte Hall 
October 17, 1970 - 9:00 AM to 12:00 Noon 

The Prelim. Exam.will consist of 6 hours of Classical Physics, and 6 more 
of Modern Physics. This is the first 3 hours of the Classical Fhysics part. 
This exam, is CLOSED BOOK. 

1. A satellite moves around the earth in an elliptical orbit with perigee 

r^ and apogee r ? measured from the center of the earth. Find the velocity 
increment ^ v parallel to the motion at the perigee required for the 
satellite to escape the earth and show that this is smaller than the 
increment required at the apogee. 

2. The temperature of the photosphere of the sun is 3aid to be 6000°K. 

How is this figure arrived at? Does the earth's atmosphere enter into 
this? 

The universe is said to have a background temperature of 3°K. 

How is this conclusion reached? 

3. An inclined plane of mass M has a smooth horizontal surface on its 
bottom and a rough surface at an angle ® with respect to the horizontal. 

A sphere of mass m rolls down the rough surface while the inclined plane 
slides without friction in the horizontal direction. Find the normal force 
between the sphere and the inclined plane. 

4. A steel piano string 100 cm long and 0.5 mm diameter is pulled to pitch 
by a force of 4? kg-wt. If the room temperature is 20°C, 

a) how much heat is absorbed by the string if the process involves a 
reversible isothermal increase in tension, 

b) what is the temperature change of the string if the process involves 
a reversible adiabatic increase in tension? 

The following quantities may be helpful: 

-5 -1 

coefficient of linear expansion 1.3 x iO ‘ deg 

-3 

density 7.7 gm cm 

12 -7 

Young's modulus 2.0 x 10 dynes cm 

specific heat of steel at constant pressure 0.11 cal gm ^ deg ^ 
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5* Consider two horizontal plates at temperatures and T^. Calculate 
the thermal conductivity of a gas in the space between them when the 
mean free path for collisions is large compared to the spacing of the 
plates. Assume that the molecules leave each plate in temperature 
equilibrium with that plate. How does the result in this case differ 
from the case where the mean free path is ouch smaller than the spacing 
between the plates? 

6 . Consider a simple pendulum executing small oscillations. The string 

is shorted by an amount ° very slowly, so that the change in amplitude 
from one oscillation to the next is negligible. Show that the ratio of 
the energy of oscillatory motion to the frequency remains constant under 
these conditions. 

7. In the limit of extremely low density and finite temperature, a gas may 
be discussed by classical statistical mechanics, leading to the equation 
of state for an ideal gas. As the density increases, there will be 
corrections to this form (both from classical effects due to higher 
densities and quantum mechanical effects). Give the relevant dimensio- 
less quantities which indicate when each of these corrections mist be 
considered. 

8 . A rectangular plate of uniform thickness and density is supported at 
each corner by a spring with constant k. The plate is of mass m and its 
sides are 2a and 2b. Calculate the frequencies of the normal modes of 
vibration and describe the motion for each of the normal modes. 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Examination II 
Room 308 LeConte Hall 
October 17, 1970 - 1:00 PM to 4;00 PM 

The Prelim. Exam, will consist of 6 hours of Classical Physics, and 6 more 

of Modern Physics, This is the second 3 hours of the Classical Physics part. 

This exam, is CLOSED BOOK. 

1. When we talk about problems of a.c. currents in conductors we ordinarily 
neglect the contribution of the displacement current. At about what frequency 
does the displacement current become important? 

2. A series circuit consists of a current source, a resistance R^, and an 
inductor L^. A second circuit of R^ and Lg is magnetically coupled to 
the first with a mutual inductance M. At all times before t =0 the 
voltage and current in the first circuit are zero. At time t*0 dl^/dt 
becomes positive and remains constant for all succeeding times. Find 

and as functions of time and the parameters of the circuit. 

3. Derive the wave equations for both E and B in a general medium, starting 
with Mixwell's equations. Discuss the amplitude and phase relationships 
for a plane wave in (a) a dielectric and (b) a good conductor. 

4. Light is incident on the plane interface between two dielctric media. 

Derive the expression for the amount of light reflected for polarization 
parallel to the plane of incidence, and give the condition for having 

no light reflected. 

5. An extended light source emits quasi-monochromatic light. Define spatial 
coherence, and describe an experiment which will allow the determination 
of the degree of spatial coherence of the source. 

6. Using the techniques of Fourier analysis, explain why unpolarized light 
cannot be monochromatic. 

7« Show how a diffraction grating transforms an amplitude vs. time distri¬ 
bution of light into a frequency vs. position distribution. 
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8. Sketch the wavefronts of a light beam striking the plane interface 
between vacuum and a uniaxial crystal, where the optical axis makes 
an angle with the normal to the interface. 

9. Suppose you are given a thick lens, such as you find on a good camera. 
How would you locate the focal points? How wouM you determine the 
focal length? Describe the procedure and. write down the necessary 
equations. 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Examination III 
Boom 308 LeConte Hall 
October 2k, 1970 - 9:00 AM to 12:00 Noon 

This examination is CLOSED BOOK, 

1. Although the universal constants are not supposed to change significantly 
with time, consider the possibility that the elementary unit of charge 
goes to one third its present value while every thing else is unaltered. 
What would happen to the following qualities? 

a) the radius of the hydrogen atom, 

b) the time for an electron to make one revolution in the ground state 
of the hydrogen atom, 

c) the ionization energy of the hydrogen atom, 

d) the magnetic field at the nucleus due to the (action of the electron 
in the first Bohr orbit. 

2. Answer the following, being as quantitative as possible. 

a) Estimate the number of photons/sec emitted by 100 watt incandescent 
lamp. 

b) Estimate the number of protons in a piece of chalk that is four 
inches long. 

c) Make an approximate comparison between the energy release in the 
explosion of one pound of TNT with one pound of uranium. 

d) Estimate the maximum possible tensile strengh of steel. 

e) Sulphur is an insulator. It appears transparent and yellow when 
held up to the light. Estimate the energy gap. 

f) Estimate the energy of a proton just outside the surface of & lead 
nucleus. 

3. If the temperature of the sun is taken to be T * 5000°K, find the 
relative number of hydrogen atoms in the ground state and in the 
first ( n * 2 ) second ( n - 3 ) and third ( n -» k ) excited states. 

Using that result, can you state whether the Balmer series appears 
prominently in absorption or emission? 
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4. Calculate the laboratory threshold energy for the reaction 7+p-»p+p+p 
where the target proton is at rest in the laboratory. 

5. For each of the following four-vectors indicate whether it is time-like 
or space-like. 

The vector for the interval between each of the following sets of 
two events: 

a) A radioactive particle created at a point and the decay of the same 
particle 300 meters away 2 x 10 ^ seconds later. 

b) A radioactive particle created at a point and the decay of a particle 

-8 

300 meters away and 2 x 10 seconds later. 

c) A secretary in New York placing a telephone call at exactly 12:00 and 
a secretary answering a phone in Boston at exactly 12:00. 

Note: Boston and New York are in the same time rone. 

d) The secretary's boss placing a call to her from Boston at 12:00 and 
the secretary’s phone ringing in New York. 

The four vectors for the following: 

e) The four current representing the current of an electron moving at 

P * i 

f) The four potential produced by the electron. 

g) The four momentum of the electron. 

h) The four current for current flowing in a superconductor. 

6. a) Explain the difference between JJ and LS coupling. Illustrate your 

discussion by drawing a diagram using the vector model showing both 
LS and JJ coupling for two electrons with 

n, » 3 2. = 1 m, * 1 m = 4 

1 1 

"2*3 t 2 - 1 «^ - 0 »3 2 - i 

b) For a state with J = 3/2 draw a diagram to show how the absolute 
value of the angular momentum differs from the various * components 
of the angular momentum. 
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7. The states of atoms of relatively small * are characterised by the 
assignment of independent single-particle hydrogenic states to each 
electron* with the resultant orbital, spin and total angular momenta 
constructed via Russell-Saunders coupling. Such an atomic state might 

p )» 

be designated by (3d)(2p) F ^in the standard spectroscopic 

notation, with the hydrogenic states listed first, the capital letter denoting 

the total orbital angular momentum, the pre-superscript the total 

spin multiplicity, the post-superscript the parity, and the subscript 

the total angular momentum. 

a) For the neutral helium atom specify as completely as you can the 
lowest five atomic multiplets of the atom. 

b) Using the fact that each electron can be considered to move in an 
approximately coulambic field with an appropriate caused by 
the combined force fields of the nucleus and the other electrons, 
estimate as well as you can without elaborate calculations the 
energies of these states and draw an energy diagram. 

c) If the estimates in (b) give any degeneracy in the energies of the 
states, consider possible mechanisms which would break the degeneracy 
and determine the ordering of the levels. 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Examination IV 
Boom 308 LeConte Hall 
October 24, 1970 - 1:00 PM to 4:00 PM 

This examination is closed "book . Integral table available from the proctor. 

1. Prom the coordinate - momentum commitation relation prove the following 
relation for one-dimensional particle moving in a static potential. 

£(E - E ) j( n ! x I °)j » constant 

n n o ' ' 

where E is the energy eigenvalue corresponding to the eigenstate In). 
Obtain the value of the constant. 


2. A particle of mass m moves in three dimensions in a short-range potential 
V (r -*<») » 0. A given eigenfunction of the hamiltonian has the form 

? - C e“ rr (1 - e' Pr )/r 


a) Find the energy of the particle in this state. 

b) Find its angular momentum. 

c) Find the explicit form of the potential. 

d) Is this eigenfunction the ground state? Justify your answer. 

e) Obtain the normal!2log factor C. 


3. If a , a , a are the three Pauli matrices 
x y2 


/ 0 1 

cf =* ( , . 

X V X 0 ) etc - 


a) Give the eigenvalues of the matrix £ 


£ * A Lcos B sin C a + sin Bo + cos B cos Co] 

x y * 


b) Given the equation 


( « + P o y 


a I + b a + c o„ + d 


a 

x 
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find the expressions for a, b, c, and d in terns of a and p. 
Note: A, B, C, a, b, c, d, a and 0 are all constants. 


4. A particle mass a is bound in a one-dimensional potential well as 
shown in the figure. 

V 


a) What is the minimum depth of the potential V Q such that just one 
bound state occurs with infinitesmal binding energy? 

b) If the potential well is very much deeper than the critical value 
of (a), determine approximately the energies of the first two bound 
states and estimate how many bound states N these will be as a 
function of V for large V . 




a) Find to lowest order the departure of the first two energy eigenvalues 

from their V «° limit, 
o 

b) If a wave packet is formed with the first two eigenfunctions such that 
at t * 0 there is a maximum probability of finding the particle to the 
left of the origin, determine the times t^ > 0 for which there is a 
maximm probability of finding the particle to the right of the origin. ww 
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6. a) Find the energy levels of a particle of mss a in a three dimnsional 
isotropic harmonic oscillator potential, V ( r ) ■ J» W^ 2 r 2 , by 
considering the Schrodinger equation in cartesian coordinates. 

b) What is the degeneracy of each energy level? 

c) For the second excited state (third energy level) deteraine what 
orbital angular-momentum vave functions can be built from the dege¬ 
nerate navetfhnctions of the cartesian basis. (Do not construct 
the wave function explicitly.) 

d) Draw an energy level diagram separated according to 1 values, using 
the parities of the states and the degeneracies as a guide. 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Exam I 
Classical and Statistical Mechanics 
Room 2, Le Conte Hall 

Wednesday, March 31, 1971 - 9:00 AM to 12:00 Noon 
This examination is CLOSED BOOK . 

Instructions: Do 5 out of the following 8 problems. At least 2 must 
be from the set 5 through 8. All problems count 20 points each. 

1. A projectile weighing 10 gm. is fired into and remains in a 1 kgm. 
block of wood which is free to slide on a smooth floor. What amount 
of heat energy is released within the block? 

2. Calculate the period of small oscillation of a cube of side d about 
one edge (when suspended at that edge). 

3. An infinitely rigid rectangular platform is supported at each of 
the four corners by a circular steel rod 1.0 meters long and of cross 
sectional area A and having a Young's modulus Y ■ 2 x 10^ Newtons/cm^. 
It is desired that the platform not sag by more than 0.1 cm. when a 
2000 kgm. weight is placed anywhere on the platform. What area A 
should be chosen? I Neglect any bending of supporting rods.] 

4. A pulley, free to rotate, of radius a 
and mass m (concentrated entirely in its 
rim) has a string placed over it as shown. 

The string is tied to a spring [ force to 
stretch distance s is ks] fastened to a 
wall at its other end. A mass M is suspended 
from the other end of the string. The mass 
is displaced vertically an amount s from 
its equilibrium position and released. 

What is the frequency of oscillation? 




5. A photon gas is in thermal equilibrium at a temperature T in a 
volume V Isay, the interior of a star]. Calculate the relation be¬ 
tween V and the photon temperature T for adiabatic compression [col¬ 
lapse of the star]. Neglect the possible presence of ordinary 
matter within V. 

6. Consider a model liquid composed of non-interacting point molecules 
oi mass M. The number of molecules is N, the volume V, and the tem¬ 
perature T. Liquid binding is considered due to a uniform potential 
well of depth U (U >> kT) within the volume V. Calculate the rate of 
evaporation into vacuum from a unit area of this liquid. 

7. An atomic nucleus contains A nucleons (neutrons and protons) within 

4tt 3 

a volume V * —j . Consider this to be an ideal Fermi gas at 

zero temperature. Calculate the work required to compress this isen- 
tropically (at constant entropy) to one-half the original volume. 

8. A dilute gas contains N non-interacting atoms within a volume V. 
Each atom contains a non-degenerate electronic state at an energy A 
above the ground state. The next excited state is at an energy A' 

(A' >> kT, where T is the temperature). Give an approximate expres¬ 
sion for the specific heat at constant volume, valid when A'/kT >> 1. 



University of California, Berkeley 
Department of Physics 

Preliminary Graduate Exam II 
Electricity and Magnetism 
Room 2, Le Conte Hall 

Wednesday, March 31, 1971 - 1:00 to 4:00 PM 
This examination is CLOSED BOOK . 

Instructions: Do any four problems from part A and all of part B. 

A. A few quickies at 10 points each: 

1. What is the maximum electric field received at the earth from 
a satellite with a dipole antenna and a 100 watt transmitter when 
it is 10-* km. out in space? 

2. Estimate the capacitance (in farads) of 2 sheets of aluminum 
foil 10 cm. x 10 cm. separated by 0.002 inches. (50 y). 

3. The space between two coaxial conductors with radii < Rj 
is filled with a material of conductivity a. What is the resis¬ 
tance between the conductors per unit length? 

4. What is the force between the poles of a 60 inch (1 inch * 25.4 mm 
cyclotron magnet with an 8" gap and a 20 kg. field? 

5. What diameter camera lens is necessary to resolve Berkeley 
and San Francisco from the surface of the moon? 

6. Ordinary sunlight passes through two crossed polarizers sep¬ 
arated by a quarter wave plate. Find the intensity transmitted 
as a function of the angle of rotation of the quarter wave plate. 

B. A little harder (20 points each) 

1. Assuming the doppler shift to be the only source of line 
broadening, what is the maximum path length difference which will 
still yield fringes with a source of light, with \ = 5000 X, which 
is a hot gas at T = 1000° K. 
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2. Consider an electron in orbit around a proton (tnp *= °°) with a 
radius of 1 8 (the orbit, that is). If it radiates classically, 
how does the frequency change with radius and how much energy is 
radiated per revolution? How long does it take to fall into a 
radius of 0.5 8? 

3. The configuration of magnetic 

poles shown is intended to produce a 
quadrupole field independent of z. x 

a. Determine the potential 

for such a field and find b and 

x 

By as a function of position. 

b. What shape should the poles 
be? Give reasons. 

c. Given a length L of such a 
magnet, show that a parallel 
beam of charged particles enter¬ 
ing the field is focussed in one 
direction and defocussed in the 
other. Consider the motion in 
the y-z plane and give the condi¬ 
tion that the magnet acts like a 
simple lens. What is the focal 
length for particles of velocity 
v and unit electronic charge? 







University of California, Berkeley 
Department of Physics 

Preliminary Graduate Exam III 
Atomic Physics and Relativity 
Room 2, Le Conte Hall 

Saturday, April 3, 1971 - 9:00 AM to 12:00 Noon 
This examination is CLOSED BOOK . 

Instructions: Do all 5 problems. 

1. (15 points) Suppose Planck's constant h were reduced to half its 
normal size, all other fundamental constants remaining unaltered. What 
would happen to the following properties of the hydrogen atom? 

a) Its radius. 

b) Its ionization energy. 

c) Any of its characteristic light frequencies. 

d) The fine-structure of its spectrum. 

2. (30 points) Spectroscopy has produced more fundamental information 
about the microscopic world than any other tool. Therefore, a good 
physicist will have some knowledge of the characteristic uses and tech¬ 
niques for a wide range of photon energies. For each of the situations 
below, indicate the following: 

1) an approximate frequency or wavelength range 

2) an appropriate instrument for measuring frequency or wavelength 

3) an appropriate radiation source 

4) an appropriate detector 

a) The absorption spectrum of the hydrogen atom. 

b) The shortest characteristic x-ray emission lines of Cu (z ■ 29). 
(Estimate A to within ±20%.) 

c) The y-emission spectrum of an excited nucleus. 

d) The band gap of table salt. 

e) Absorption in the atmosphere due to the rotation of H 2 O molecules. 

f) The precession frequency of protons in an externally applied field 
of 10^ oe. 
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3. (20 points) a) Write down terms for the Hamiltonian of He in 
order of diminishing importance, and stop with a spin-orbit term. 
Indicate which of these terms are usually treated as perturbations. 

b) By means of a labeled energy-level diagram, show how the initially 

degenerate states that may be formed from a 4p4d configuration split 

as the perturbing terms are turned on. Give each of the states finally 

3 

formed a proper spectroscopic label, such as P , etc. 

c) What is the total degeneracy of a 4p4d configuration? 

4. (15 points) An otherwise transparent insulating crystal contains 

16 3 

10 /cm of impurity ions. The impurities absorb light of wavelength 
5000 X such that a slab of 0.01 cm. thickness absorbs 1% of the light. 

a) Calculate the transmission for an arbitrary crystal thickness 
x cm. 

b) Calculate an absorption cross-section, o per impurity ion. Is a 
larger or smaller than atomic dimensions? How can this occur? 

5. (20 points) An earth observer sees two solar flares on the sun's 
disc, separated from each other by one solar diameter. To him, they 
occur exactly 2.0 seconds apart. 

a) What is the proper time interval between the two flares? Take 

9 

the solar diameter as 1.4 x 10 M. 

b) Is the separation between the flares space-like or time-like? 

c) Find a reference frame for which the flares are coincidental 
either in (x',y',z') or in t'. 



University of California, Berkeley 
Department of Physics 


Preliminary Graduate Exam IV 
Quantum Mechanics 
Room 2, Le Conte Hall 
Saturday, April 3, 1971 - 1:00 to A:00 PM 

This examination in CLOSED BOOK . 

Instructions: Do all 5 problems. All count 20 points each. 

1. A particle of mass m is trapped in a one dimensional well with 
infinitely high walls at x • 0 and x * L. Let V = 0 at the bottom 
of the well. What is the nodal structure of the ground state? the 

2 

successive states? Calculate the expectation values of x, p, and x . 

2 2 2 

2. Given the uncertainty relation <(Ap) > <(Ax) > >h /4, estimate 
the ground state energy of a harmonic oscillator. 

3. Write the classical expression for the Hamiltonian of the Helium 
atom. Using the uncertainty relation P ^h/r, estimate the minimum 
(ground state) energy of the system. 

4. Consider the Hamiltonian for two identical interacting particles: 



a) List all transformations of the coordinates r-^ and r£ which 
leave this Hamiltonian invariant. 

b) What constants of the motion characterize this system? 

c) Taking into account a) and b), describe the structure of the 
ground state wave function of the system. 

5. a) Write the Hamiltonian of a charged particle in an electromagnetic 
field. 

4 4 

b) Determine the time rate of change of the operators r and p. 



University of California, Berkeley 
Department of Physics 


PRELIMINARY GRADUATE EXAM I 
Room 50 Birge Hall 

Saturday Rbrning, October 9, 1971 — 9AM to 12 Noon. 

This examination is CLOSED BOOK . Work all the problems. All problems 
count 20 points each. Some take longer them others, so read them all and 
then start with the easier ones. Use the 8"xll" paper provided, 
than bluebooks. 

1. A square copper loop of side L»1 meter and cross-sectional 

-2 2 

area a=10 cm is initially rotating in vacuo about one of 

its vertical edges in an externally applied uniform 

horizontal magnetic field of strength B q =1000 Gauss. 

Given that the initial angular velocity is =100 

radians/sec, calculate the time for the average 

power dissipation in the ring to drop to l/e of its initial 

value, assuming that all the energy goes into Joule heat. 

You may neglect the self-inductance of the loop, and any 

gravitational effects. The density of copper is 8.9 gm/cm^ 

17 

its conductivity may be taken as 6.5x10 cgs units. 

2. Describe simple but accurate (i.e. not just "order of magnitude") 
experiments to determine the following physical parameters. ' NOTE : 

Be explicit; ’a Bevatron' describes a device; 'angular correlation' 
describes a technique; neither of these phrases describes an experiment. 

a) The frequency broadening of laser pulse of duration 

10-100 ns, being the nominal laser frequency, taken to be in 
the visible. 

b) The tritium: deuterium: hydrogen ratio in the water moderator 
of a high-flux neutron generator. 

c) The binding energy of the innermost electron of Tantalum (Z=73). 

d) The magnetic field of a superconducting solenoid magnet (which 
has no external current feed) which is totally immersed in liquid 
Helium at a temperature of 4.2° Kelvin. 


rather 




e) The rms power of a randomly fluctuating noise current whose voltage 
amplitude is on the order of mi, Hi.amperes. 

f) The total charge Q stored on a capacitor of uninown capacitance. 

g) The diameter of the nucleus of silver (Z=47). 

h) The value of absolute zero, expressed on the Centigrade (Celsius) 
scale. 

i) The value of Planch ’3 constant, not assuming other constants to be 
known. 

3. A point mass m, of charge q, moves in free space under the influence 
of a uniform homogeneous magnetic field 3. Determine the energy level 
separations of this system nonrelativistically. Use this result to 
estimate the lowest order relativistic correction to the energy levels. 
Hint: The relativistic correction is obtainable by direct manipulation 
without solving any quantum relativistic equations of motion. 


4. A monochromatic beam of electrons of energy E is incident upon a 

one-dimensional square potential barrier of height 9 < E and width w. 
Calculate the fraction of the incident electrons reflected from this 
barrier as a function of 4 and E, and solve for the energies E at 
which the reflections vanish, as a function of H' and v. 


5. Listed below are eight hypothetical equations of state for postulated 
macroscopic systems. These equations relate the entropy S of such 
a system to its total internal energy E, its total number of particles 
N, smd its total volume V, by means of functional equations involving 
arbitrary positive definite real constants A and B. Which four of 
these are physically impossible systems due to inconsistencies 
between their equations of state and the fundamental precepts 
of thermodynamics? 

a) S=*(NVE) 1//3 

b) SM(HE/V) 2 / 3 

c) S=A(HE-3V 2 )^ 


d) S=A(V 3 /HE) 


e) S-ACN^ 2 ) 1 / 5 

f) SMHinCSV/BN 2 ) 

g) S»A(HE)^exp(-V 2 /N 2 ) 

h) S=A(2iE)*exp(-EV/N) 


6. Consider the following simple orthogonalized plane (plain?) drunk 
(or one-SOH)) approximation to the two-dimensional random walk. A 
drunk starts at a lamppost at an intersection, so that he is 
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7. 


constrained to take his steps, of fixed length L, only in the 
orthogonal N-S or E-W directions. At each step, however, he 
makes a completely random choice as to direction. If he starts 
out leaning against the post, and then takes exactly three such 
random steps, what is the probability that his position lies 
within a circle of radius R=2L centered on the lamppost? 


7 1 

Indicate the spectroscopic ground states (i.e. Fy S^, etc., etc.) 


constituting the 


of the 8 elements ^ Li, Be, B, C, N, 0, P, Ne 
second row of the periodic table of the elements. These have nuclear 
charge progressing from Li with Z=3 to Ne with Z=10. It is proper 
to assume rigorous LS (eg. Russel-Saunders) coupling for these 
light elements. Ignore the effects of nuclear spin. 



University of California, Berkeley 
Department of Physics 


FHELIMHiABY GRADUATE EXAM H 


Room 50 , Le Conte Hall 

Saturday Afternoon, October 9> 1971 — 1:30 to 4:30 PM. 

This examination is CLOSED BOOK , Work all the problems. All problems 
count 20 points each. Some take longer than others, so read them all and 
then start with the easier ones. Use the 8"xil'' paper provided, rather 
than bluebooks. 

1 . 


A uniform rod of negligible thickness is placed at 60° in a corner 
as shown. The surfaces in contact with the rod are frictionless and the 
rod is prevented from sliding by means of a horizontal support at the 
lower end. At time t = o the support is removed suddenly. What is the 
instantaneous acceleration of the lower end of the rod at t = 0 ? 

2. The 5l ° particle, which has a mass of 135 MeV., decays at rest into 
two photons isotropically. For a Jl ° with a kinetic energy of 500 MsV., 
determine the ratio of the number of photons per unit Lab solid angle 
emerging parallel to the velocity of the pion to those emerging 
perpendicular to the velocity of the pion. 



3. Prove the following dipole sum rale for a particle in a central 


potential well: 
£ (E - E ) 


n 



where 1 o^ is the ground state with energy E Q , ln> stands for a complete 
set of states with energy E n , m is the mass of the particle and r* its position 
vector. 

4. Estimate the lifetime of the 2? state of the hydrogen atom to within 
a factor of 2 or 3. (Hint: You may use a semiclassical approach.) 
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5* A white dwarf is a star that consists' of fully ionized helium 
atoms, with their electrons forming a degenerate fermi gas. The pressure 
of the fermi gas is counterbalanced by gravitational attraction. Calculate 
the radius of such a star to within a factor of 2 to 5 if the density of 
the electrons is iCr electrons/cm . Since only a rough numerical 
estimate is required, you may make reasonable simplifying assumptions 
like taking a uniform density, estimating integrals you cannot easily 
evaluate, etc. 

6. The deutron is an S-wave bound state of a neutron and a proton 
with a binding energy of 2.2 MeV. Assume that the potential responsible 
for the binding is a central square well with a range of 2xlo" 1 ^cm. 

a) The deutron is described as a weakly bound state. Why? Give 
a quantitative criterion. 

b) Calculate the depth of the potential well. (Hint: You may do 
this approximately, m a k ing use of the weakness of the binding). 

Gravitational constant = 6.7xl0~° cmr/gr.sec . 



University of California, Berkley 
Department of Physics 

PRELIMINARY GRADUATE EXAM III. 

Room 1 , Le Conte Hall 

Saturday Morning, October 16,1971 — 9:00 AM to 12:00 Noon. 

This examination is CLOSE? BOOK. Work all the problems. All problems 
count 20 points each. Some take longer than others, so read them all and 
then start with the easier ones. Use the 8"xll" paper provided rather 
than bluebooks. 

1. A friend of yours comes to you with an apparent paradox he has 

discovered in studying relativity. Your assignment on this problem is to 

resolve the paradox in as lucid a manner as you can. Your friend hasn 't 

had nnch mathematics, so don't snow him by playing around with things 

like Lorentz transformation. Here is the way he puts the paradox. 

"A closed box with walls impenetrable to material and also to energy 

(adiabatic walls) contains at time zero some air and also some fissionable 

Uranium. The air and U are at temperature T . The total mass of the U 

plus air is M q . Next, the piece of U undergoes fission. The fragments 

fly around in the box, heating up the air. Eventually the fragments 

are again at rest, and the temperature of the air and fragments has been 

raised from T to a higher temperature T-. Thus, the energy released 
o ^ 

in the fission of the U has heated up the contents of the box. " 

"I was happy with the layman's idea that the very apparent energy 
release, E , arose from the loss of mass of the Uranium atoms when 
they split. (The sum of the masses of the fission fragments and the 
neutrons released are well known to be less than the original mass 

p 

of the"V atom, by an amount A M = E/c .) So I was satisfied that 
a certain amount of mass, per fission event, & M, disappeared and 
was converted into am energy E = ^ M c , and the "lost mass" re-appeared 
in its equivalent form of energy, that is released so spectacularly 
in an A Bomb explosion. 

(continued on next c- re) 
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"But then I took a physics course and I learned that atoms in motion 

have more mass than those at rest - their new mass is M = M + K.E . , 

m r —g 

where M is moving mass, M is the rest mass, and c 

m r 

K.E. is the kinetic energy of the moving mass. So I then found that all 

the mass which I had believed was lost (and turned into energy) was still 

there, in the form of the increased mass of each heated atom in 
K*E 

the box — -t* . So I suddenly realized that no mass really disappeared 

" c ^ .. 

but the appearance of a huge pulse of energy couldn't be doubted. 

"So where jas a short time ago, I though I really understood the 

? 

Einstein equation; E = Ml , it's obvious that I don't, and I need your 
help in explaining it to me. " 


2. As you know, the blueness of the sky is due to Rayleigh scattering 

of the "white" sunlight from air molecules, the blue light being scattered 
with a larger cross section than the red. However, if you look at a 
reflection of the sun, or of a white light bulb, in a piece of glass, 
or on water, the reflection does not look bluish, as you would expect 
it to, according to the above. Instead, the original color of the sun 
or light bulb is retained, after reflection. Thus we have an apparent 
paradox: We "expect" sunlight reflected from a piece of glass to 
look bluish, since the sunlight reflected from air looks bluish; but 
it doesn't look bluish at all. Question: resolve this paradox, as 
best you can. Warning, we want you to resolve this paradox completely 
which involves going into details of color dependence of Rayleigh 
scattering, and other details. Remember we are only interested in 
the color dependence, not on any numerical factors. Hint: for 
simplicity you may consider normal-incidence reflection on glass. 

3. A large log is floating in a lake. A cork near the log bobs up and 
down with a frequency 2 cycles per second, there are waves incident from 
the West. The log is oriented North-South. The water waves travel at a 
velocity 60 cm/sec. 


(continued) 
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On the East or sheltered side of the log the water is relatively smooth, with 
essentially no waves. This sheltered smooth region extends downstream 
(Eastwards) for approximately 300 meters. For distances nnch greater than 
that the waves look about as they would if there were no log. For distances 
much smaller than that the sheltering effect of the log is easy to see. To 
within a factor of two or so, estimate the length of the log. 

4. What is the approximate angular diameter of the sun as seen from 
earth, in radians? What is the approximate surface temperature of the 
earth, in degrees Kelvin? Assume that the sun and the earth are in 
temperature equilibrium and that each behaves like a black body. 

Using the above two numbers and a simple calculation, find the surface 
temperature of the sun. 

5. Consider a classical model of a hydrogen atom with the electron in 
an elliptical orbit around the nucleus. Suppose the period is ^ for one 
revolution of the electron around the nucleus. Now consider the classical 
electromagnetic radiation from this classical atom. In particular consider 
the frequency spectrum. 

a) Suppose the orbit is circular. What would be the frequencies 
of observed radiation? (Neglect relativity) 

b) Suppose the orbit is elliptical. Suppose you are viewing the 
orbit edge’ on with line of signt perpendicular to major axis, 
so that the electron appears to move on a line, call it along 
x. Suppose the distance of closest approach is x^, and the 
farthest distance (from electron to nucleus) is x 2 « Call 

x = 0 the point where electron appears to pass through 

nucleus (loo king at orbit edgewise). The closest radial approach 

is on your left as you view atom, so x goes from -x^ to + x^. 

Given the ratio x^/x^, estimate the time ratio tg/t^ where ^2 
is the time spent at positive x, and t^ the time spend at 
negative x. 

Make a rough sketch of x versus t, given x 2 /x 1 = 3, and given 
your above result for tg/t^. 

c) Estimate the Fourier spectrum of the emitted radiation. What 
frequencies will be present? What are the most important 
frequencies? Give results for the above example where Xg/x^ = 3» 



Page 4 


6. Consider the elastic scattering of a particle of mss m off of 

a nuch heavier particle originally at rest in the lab system. In what 
follows consider only small angle scattering, and do not worry about 
factors of two. Suppose that the classical "impact parameter" is called b. 
Let the momentum transfered to the incident particle, perpendicular to 
the original direction, be called P^. 

a) Derive a fornnla that gives a condition that will insure that 
the classical concept of particle trajectory, i.e. position 
determined throughout the collision process, will be a good 
approximation. Make a sketch of an assumed trajectory and 
label it appropriately. Your formula should be independent 
of the type of force and the details of collision. 

b) Consider Rutherford scattering. The heavy target particle has 
charge Ze; the incident particle has charge ze. Derive a 
formula relating, within a factor of 2 and for small angle 
scatters, the momentum transfer Pj^ and the impact parameter b. 

c) Apply the condition derived in a) to small angle Rutherford 
scattering to obtain a formula giving the condition that 
Rutherford scattering be describable in terms of a classical 
trajectory. 

d) Use c) to decide whether or not the following elastic scattering 
processes can be well approximated by classical trajectories: 

(1) A 4 MeV alpha particle scattering off a Gold nucleus. 

(2) A 100 MeV alpha particle scattering off a Gold nucleus. 

(3) A 100 MeV proton scattering off a Carbon nucleus. 

7. As in problem 6, consider elastic scattering of a particle of mass 
m off of a much heavier particle originally at rest in the lab system. 
However, instead of small angle scattering we consider the opposite 
extreme, a head-on scatter that reverses the direction of the incident 
particle. Let a denote the distance of closest approach. lot P denote 

the momentum transfer to the incident particle. 


(continued) 
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a) Derive a form.la (within a factor of 2) giving the condition for 
the existence of a classical trajectory. 

b) Derive the relation between P and a for head-on Rutherford 
scattering. The target particle has charge Ze, the incident 
particle has charge ze. 

c) Apply the condition of part (a) to the Rutherford scattering 
result (b) to find the condition that head-on Rutherford scattering 
be describable by a classical trajectory. Compare your formula 
with that obtained for small-angle scattering (part (c). Problem 6). 

d) Rutherford made a classical derivation of the Rutherford cross section 
formula. He also assumed he was dealing with two •point charges. 

Would you expect his form la to give the right result for head-on 
elastic scattering of 

(1) A k MeV alpha particle scattering from a Gold nucleus? 

(2) A 100 MeV alpha particle scattering from a Gold nucleus? 

Justify your answers quantitatively, as well as giving the reason why 
these answers might not be the same as you found in Problem 6, part d, 
for the same particles and energies but for small angle scattering. 

8. An earth satellite close to the surface of the earth (say 100 miles up) 
takes about 90 minutes to encircle the earth. A man-made moon satellite 
encircles the moon in about 115 min utes. It may seem surprising that these 
numbers are as close to being equal as they are, since the moon is mch 
smaller than the earth. 

a) As a first approximation, say that these two numbers were 
equal, i.e. suppose it had come out 90 minutes to encircle the 
moon. What interesting fact could you thereby learn about the 
moon? (Give a simple derivation). 

b) Instead, it actually takes about 115 minutes to encircle the moon. 

How does this modify your conclusion of part (a)? (We want a 
quantitative result, i.e. an interesting number derived from the 
two numbers 90 and 115 )« 
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PRELIMINARY GRADUATE EXAM 17 
Room 1, Le Conte Hall 

Saturday Afternoon, October 16,1971 — 1:30 PM to 4:30 PM. 


This examination is CLOSED BOOK . Work all the problems. All problems 
count 20 points each. Some take longer than others, so read them all and 
then start with the easier ones. Use the 8"xll" paper provided, rather 
than bluebooks. 


1. Consider an ideal gas of N particles in volume V obeying classical 
statistics at temperature T, but extremely relativistic, i.e., particle 
energy E = cp, where c = velocity of light, p = particle momentum. 

Find the partition function Z, the Helmholtz free energy F, the internal 
energy U, the pressure ?, and the specific heat C^. 


2 . 



2 Volts 


A box containing resistors, wires and batteries connected up in 
an unknown circuit has two output terminals, as shown, connected to an 
external ammeter I, a 2 volt cell, and a variable resistance R. One 
observes that the current I depends on R by two experiments: taking R = 10 
ohms yields 1=1 amp; taking R = 2 ohms yields 1=2 amps. What current 
I x will one find for R = 5 ohms ? 




-»l H- 



Two metal discs of radius a and spacing d ( « a ) form a parallel plate 
capacitor. What is the magnetic field H (t) in magnitude and direction at 
points P in the central region between the plates due to displacement 



A beam of atoms of mass m emerge from a pinhole in a hot oven at 
temperature T, pass through a collimating hole of adjustable diameter 
d, and finally strike a screen, making a spot of approximation diameters. 
Estimate the smallest spot size s obtainable, assuming d is the adjustable 
parameter. Obtain actual values of s in cm, if L = i = 100 cm, T = 1000 °K, 
m = mass of hydrogen atom. 

5. For % = 1 there are three eigenfunctions Y® of the orbital singular 

momentum conqponent , V” . Find three normalized linear 

combinations of these which are eigenvalues of L . What are the eigenvalues 

y 

of each? 

6. Show that the ratio of the number of symmetric to anti-symmetric spin 
states for two identical nuclei of spin I, is (I + l)/l. 
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Preliminary Examination — Part 1 Saturday,April 8,1972 9-12 a.m. 


Answer All Questions. 

( .%) 1. Two identical pendulums of length L and mass m are hung side by side. 


separated by a distance d. They are joined by a light spring of spring constant k 
and unstretched length d. At t=0 each is in the equilibrium position when a horizontal 
impulse P is delivered to one in a direction away from the other and along the line 
joining the two. Pina the position of each as a function of time, assuming that the 
angles the pendulums make with the vertical are always small. 

(12/0 2. Find the difference in the lift force required to keep a plane in level 
flight east at the equator and the force required to keep the same plane in level 
flight west at the equator if the ground speed in each case is 330 meters/sec.,the 
speed of sound. Express the difference as a ratio to the force of gravity, pointing 
out the relation of the acceleration of gravity,g, at the equator to the gravitational 
constant G. R g = 6 .I 4 XIO® m. ; G = 6 .67x10"in MKS units = 6.67x10“® in GGS units. 

(12$) 3. A charged particle (charge q, rest mass m Q ) moving in the x direction 
with speed v Q close to the speed of light enters an electric field E in the y direc¬ 
tion . Find its total energy, its velocity in the x direction and its velocity in 


the y direction as functions of the time,letting t=0 at the moment it enters the field. 

(12$) U. An object is observed traveling at speed 6.0x10'’ cm/sec perpendicular 
to the radius vector from the center of the earth when its distance from the center 
of the earth is 1.6x10^ cm (about 10,000 miles). Determine whether the orbit is circu¬ 
lar, elliptic or hyperbolic. If it is elliptic, find the perihelion and aphelion 
distances ; if it is hyperbolic, indicate how you would find the asymptotes. 

GM ,, = U.QxlO 20 in CC-S units = U.OxlO^ 4 in MKS units, 
earth 


(Ut/j) d. A uniform stick of mass M and length L stands vertically on an abso¬ 
lutely smooth surface when it is slightly tipped and falls over. Find (a) the velo¬ 
city of the center of mass (b) the angular velocity and (c) the reaction of the 
surface as functions of the angle the stick makes with the vertical. 
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(12:3) 6. (a) Derive the Stefan-Boltzmann Law giving the relation between the 
energy density of black body radiation and the absolute temperature. Be explicit 
about any assumptions you use. 

(b) Compute the explicit" relation between the radiation pressure and 
the radiation energy density, again indicating any assumptions you use. If the com¬ 
putation would be lengthy, you need only indicate clearly the steps. 

(12,3) 7. The work done by an ideal gas with constant heat capacity during a 
quasi-static adiabatic expansion from state 2 to state 1 is: 


(a) 

(b) 


W - C v (t-l - T 2 ) 

u - P 1 V 1 ~ V 2 


71-1 



Show which are correct answers. 

(ll±P) 8. Given the following information: 

Mass of Mars = 0.1065 Mass of earth g (earth) * 980 cm/sec 2 

Diameter of earth = 12,756 km. g (Mars) = 392 cm/sec 2 

Diameter of Mars = 6,860 km. k = 1.38xlO - ^ ergs/°K 

k = 1.38 x 10‘ 23 joule/ 0 !: 

What are the escape velocities on earth and on Mars? 

What is the rms velocity of helium at room temperature? On the basis of your 
calculation would you expect helium to be present in the earth's atmosphere assuming 
it to be at room temperature? 

Assuming that helium is absent from the earth's atmosphere and H^O is present 
in the earth's atmosohere, what can you say about H^O,Argon, CG^ and Krypton in the 
atmosnhere of -larsj asstune that trie same conditions or' temperature, production, 

exist on >rs ns exist on the earth. 
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Saturday, April 8, 1972 


1:30 - 4:30, Room 4 LeConte 


(is i) 


12 i 


(12 i) 


Answer all questions 

1. An examining committee is made up of two members, 1 and 2, traveling at 

v = 0-9c relative to a stationary classroom. They give two graduate students 
Mr. A. and Mr. B. a three hour examination as measured by the clocks of 1 and 2. 
Their clocks have been synchronized because 1 and 2 are not at the same place 
in their frame. One of the students, Mr. A., is in the moving frame with 
examiner 1 and the other, Mr. B., is in the stationary frame. They are given 
the exam simultaneously at the same place by 1. How long does each student have 
to work on the exam before it is picked up, A's exam by 1 and B's exam by 2. If 
the two students disagree about the time interval, how can you reconcile their 
claims? 

2. The axial electric field intensity E on the axis of the accelerating tube 

z 

in a particular type of ion accelerator is given approximately by 

2 

E = E + kz 


z zo 

where z is measured from the center of the tube along its axis. The azimuthal 
component E^ equals zero. Show that the radial electric field intensity in the 
neighborhood of the axis is E^ = - kzr, assuming that the charge density is zero. 

3* Show that the field inside a toroid of n turns carrying a current i is the 
same as that which would be produced by a current ni flowing along the axis 
of symmetry of the toroid. 


(12$>) 4. A toroidal electron cloud consists of 1,000 amperes of electrons circulating 

at approximately 1/10 the speed of light in a circular ring 20 cm in major 
diameter as in the figure. The minor cross section diameter of the ring is 
5 millimeters (see figure) and the current density is uniform. What is the 
electric field in volts/cm felt by a stationary proton on the surface of the 
ring, such as at point A? Sketch the potential across the minor ring from point 
B to point C in the figure. What is the potential at the center of the electron 
distribution relative to that on the surface? You may neglect the 10 cm radius 
relative to the 2.5 mm radius. 


5 mm 
-*! U — 

1 1 - 




r 


10 cm. 
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5* A pair of parallel metal plates whose inner surfaces are 1/2 mm apart are 
connected across a 100 volt battery. The space between them is filled with an 
isotropic, homogeneous linear dielectric whose specific dielectric constant is 
4. For a region far from the edges, where the plates appear essentially infinite, 
find: 

(a) the electric field 

(b) the electric displacement 

(c) the polarization 

(d) the free charge densities which are only on the metal plates 

(e) the bound charge densities. 

(1^$) 6. The effective dielectric, e, of an ionized plasma of density N, is calculated 

by assuming the electrons to move freely under the electric field at frequency a). 
If the damping can be neglected 

WNe 

t = !-— 

mu 

With this result, obtain expressions for: 

(a) the wave velocity of propagation 

(b) the complex index of refraction 

(c) the wave length 

(d) the dispersion relation, that is, u as a function of k, oj(k) 

(e) the group velocity. 

The ionosphere consists of 10^ - 10^ ions/cc at several hundred kilometers. 
Estimate the transmission of 100 kHz radio waves incident normally on an ideal- 

g 

ized layer 100 km thick with a density 10 ions/cc. At what frequency would you 
expect the ionosphere no longer to reflect radio waves? (The effect of the 
earth's magnetic field is purposely neglected for simplicity.) 

(12 ia) 7* Derive the distribution of intensity as a function of angle for the Fraunhofer 
diffraction pattern of a single slit of width d with light of wavelength \. 

Make a plot of the intensity versus angle including the central maximum and two 
subsidiary maxima on one side. 

Give an elementary explanation for the zeroes in the pattern. 

(12 %) 3. A physicist finds it necessary to measure the thickness of a piece of paper 

but does not have a micrometer. However, he does have two optical flats, each 
six inches square, and a source of sodium light. Wavelength 5,900 Angstroms 
= 5«9 < 10 ^ meter. He puts the paper between two edges of the flats so as to 
make a wedge and observes the interference fringes. Over the region in which 
he can observe the fringes well, he observes 6 fringes per centimeter (that is, 

6 black lines per cm). What is the thickness of the paper? 
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Department of Physics PHEUMUtAHY GRADUATE EXAM III. 

Room 4, Le Conte Hall 

Saturday Morning, April 15, 1972 - - 9sOO AM to 12:00 Soon. 

+ iq * r 

(12) 1. Evaluate / dq — - - , Rev^Z > 0. 

q + Z 


(12) 2. What is the energy difference in eV between the two lowest rotational levels of 

the HD molecule? The HD distance is 0.75&. 


( 12 ) 


3. Find the commutation relations for the operators corresponding to the components 

of the velocity of an electron in aunagnetic field H, i.e. find [v , v ], 

x y 

[v , v ], and [v , v ]. 
y z z x 


( 12 ) 


( 12 ) 


(14) 


4. The binding energy of the deuteron is 2.23 mev. What is the threshold energy 
in the lab system for photo-disintegration? i.e. y+D+P+N. The mass of the 
deuteron is 1876 Mev. 

5. Suppose a negative muon with mass 210 times the electron mass is captured by a 
proton to form a hydrogen-like atom: 

(a) What is the energy of the photon emitted when the muon undergoes a transi¬ 
tion from the first excited state to the ground state? 

(b) What is the radius of the third Bohr orbit for the muon? 

(c) What is the velocity of the muon in the nth Bohr orbit? (n is the princi¬ 
pal quantum number. ) 

6. Answer (as briefly as possible) the following: 

(a) What is wrong with the nuclear atom classically? 

—8 

(b) If the x-coordinate of a particle is known to 0.5 x 10 cm, how accurately 
can the y-component of momentum be defined? 

(c) What is a Bohr magneton? Estimate its size (give units). 

(d) Using spectroscopic notation, specify the ground state of the first five 


atoms in the periodic table. Give the names of these atoms. 
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(s) Write the time independent Schrodinger equation for a one-dimensional 
harmonic oscillator of frequency oj in ooth the coordinate and momentum 
representations. 

(f) Give the equation for Fermi's Golden Rule (first-order time-dependent 
perturbation theory). Explain the meaning of, and give the units of 
each term. 

(g) What is a typical distance between atoms in a semiconductor or insulator? 
(lit) 7. Two electrons in fixed positions on the z-axis, have a magnetic dipole-dipole 

interaction energy 


e = c( V s 2 - 3 S iz s 2z > 


(2S^ = a,. = Pauli spin matrix; C = const.) 

(a) Exnress E/C in terms of the total spin operator S = S, + 5 . 

J- d. 

(b) State the eigenvalues of E/C and their degeneracy (statistical weights). 

(12) 8. A stream of electrons of energy E is incident upon the surface of a medium at 

an angle of 0 to the normal. The medium has an attractive potential of V for 
electrons: 

(a) What are the de Brogile wavelengths of electrons outside and inside the 
medium? 

(b) Determine the velocity of electron waves in the medium. 

(c) Determine the velocity of electrons in the medium. 
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Saturday Afternoon, April 15, 1972 — 1:30 PM to 4:30 PM. 

1. Show that the total number of electrons in a filled shell of an atom is 

2 

2n where n is the principal quantum number of that shell. (12/5) 

p 

2. Draw an energy level diagram for the electron configuration (is) (2s)(2p), 

showing how the degeneracies are lifted successively by Coulomb inter¬ 
action between electrons, spin-orbit interaction, and Zeeman interaction 
(Assume that Coulomb interaction » spin-orbit interaction >> Zeeman 
interaction.) Designate the levels by appropriate quantum numbers and 
spectroscopic terms. What is the Lande g factor for the level P^? (l4/5) 

3. A parallel beam of particles of mass m and velocity v << c falls on a slit 
of width d. A diffraction pattern is observed at a distance D (» d) from 
the slit. 

(a) What is the width of the diffraction pattern? 

(b) For what value of d will the diffraction pattern have the minimum 
width? 

(Use the uncertainty principle rather than working out the details of the 
diffraction pattern.) (12/5) 

4. Consider a particle in an infinitely deep one-dimensional square-well 
potential. If the particle is in the second lowest quantum state, 

(a) Find the average momentum and the average position of the particle; 

(b) Find the average energy of the particle; 

(c) Show explicitly that the uncertainty principle holds. {12%) 

5* Explain briefly and concisely: 

(a) Photoelectric effect; 

(b) X-ray diffraction from a crystal; 

(c) Stern-Gerlach experiment; 


(d) 


Stimulated emission. 


(1255 ) 



A spin-1/2 system in a dc magnetic field can be described by a Hamiltonian 


K = a,, SH 3 + g. SH S 

-|| Z Z i X 3 


wnere 


g|l and S L 


are constants, B is the Bohr magneton, H and H are 

Z X 


the magnetic field components along z and x, and and are the spin 
operators along z and x. Find the wavefunctions and the energies of the 
two spin states. {±2%) 


A one-dimensional harmonic oscillator of charge e, mass m, and frequency oj 
is put between the plates of a parallel plate condenser, the direction of 
its motion being perpendicular to the plates. Treating the electric 
field as a perturbation, find the energy shift of the ground state in 
the electric field using the perturbation theory. This problem can also 
be solved exactly. Compare the exact solution to the perturbational solu¬ 
tion. (l4$) 

Given a cubic box full of free protons of magnetic moment U , mass m , 

2h -3. 

and density S ner unit volume (N being a large number, say ~ 10 cm ) 
p p 

at T = 0°K, find: 

(a) The limiting energy above which the states are not occupied; 

(b) The density of states (number of states per unit energy interval) 
at this limiting energy; 

(c) The magnetic susceptibility of the proton gas. Would the analysis 
still hold if we have deuterons instead of protons? Why? {12%) 



University of California, Berkeley 
Department of Physics 

PRELIMINARY GRADUATE EXAM I 
October 7 > 1972 -- 9 AM to 12 Noon 

Instructions: Try to answer all 8 questions. Present your work in as clear 
and as neat a form as possible. To maximize your score, the grader must be 
able to understand what you are doing. In any given problem, if you cannot 
complete a calculation because of gaps in your knowledge, show those parts 
which you can do and point out where you have forgotten things. You may use 
tables of integrals if needed. Each question is worth 20 points. 

1. Two equal masses are connected as shown with two 
identical springs having zero mass. The spring 
constant of each is k. Consider motion only in 
the vertical direction. Find the frequencies of 
the two normal modes. 

2. A comet of mass m moves under gravitational influence of the sun, M 

(assume that m « M). The angular momentum of the comet is i and its 

total energy is E. At a distance r from the sun the comet's radial 

dr 

velocity component is -r— • The comet is observed to make its closest 

dt 

approach to the sun at distance R c . 

d r 

a) Write the expression giving — as a function of m, M, R c , r, E 
and G (the universal gravitational constant). 

b) , Consider a comet for which the total energy is zero. What is 

the geometric form of its orbit? 

c) Considering a comet for which E = 0, find out how much time the 
comet spends inside distance R from the sun if its distance of 
closest approach to the sun is R^ 
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3. A particle of mass M moves under the influence of a potential energy- 
function given by 

V(x) = -g—— 2 — where a and c are positive constants, 

x + a 

a) Find the position of stable equilibrium. 

b) Find the period of small oscillations about the position of stable 
equilibrium. 

4. A uniform stick of length L and mass M 
is supported from the ends by strings 
as shown. One of the strings is then 
cut. At the instant after the string 
is cut find: 

a) The acceleration of the center 
of mass. 

b) The tension in the uncut string. 

5. A very fast proton moves with constant speed V in a straight line past an 
electron initially at rest. The proton is so fast that the electron does 
not move appreciably from its rest position until the proton is far away. 
The electron is distance b from the line along which the proton moves. 

a) Calculate the impulse that the electron receives in a direction 

l) along the line of the proton's motion 2) along the line perpen¬ 
dicular to the proton motion. 

b) Calculate the kinetic energy gained by the electron. 

6. A uniform bar of mass M and length 2Z is suspended from one end by a 
spring of force constant k. The bar. can swing freely only in one vertical 
plane and the spring is constrained to move only in the vertical direction. 

a) Find the Lagrangian. 

b) Use the Lagrangian of part a and set up the Lagrange equation of 
motion for this system. 

c) Find the Hamiltonian. 

d) Use the Hamiltonian of part c and set up the Hamilton's equation of 
motion for this system. 
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7. A spacecraft, in the shape of a cube of edge length L, moves through outer 
space with a velocity v parallel to one of its edges. The surrounding gas 
consists of molecules of mass m at a temperature T, the nunber n of molecules 
per unit volume being very small so that the mean free path of the molecules 
is much larger than L. Assuming that collisions of the molecules with the 
spacecraft are elastic, estimate the mean retarding force exerted on the 
spacecraft by its collisions with the interplanetary gas. Assume that v is 
small compared to the mean speed of the gas molecules and ignore the dis¬ 
tribution of velocities of these molecules. If the mass of the spacecraft 

is M and it is not subject to external forces, after approximately how long 
a time will the velocity of the spacecraft be reduced to half its original 
value ? 

8, A, Give the statistical mechanics definition of temperature and entropy. 

Define relevant quantities. 

B. A gas consists of n particles each of which can be in any of 3 
quantum states u^ u^, and u^. The energy of a particle in state 
u 1 and u^ is t and in state u^ is 2e. 

1) If this gas is in thermal equilibrium with a reservoir of 
temperature T, what is the average energy of the gas? 

2) What is the specific heat of the gas? 

C. Sketch the distribution function of an ideal gas of Fermions at 
T=0 and at T > 0. 

D. Sketch the distribution function of an ideal gas of Bosons. 
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Department of Physics 


PRELIMINARY GRADUATE EXAM II 

Room 50 Birge Hall 
October 7» 1972 — 1 P.M. to 4 P.M. 

Instructions: Try to answer all 8 questions. Present your work in as clear 
and as neat a form as possible. To maximize ycur score, the grader mist be 
able to understand what you are doing. In any given problem, if you cannot 
complete a calculation because of gaps in your knowledge, show those parts 
which you can do and point out where you have forgotten things. You may use 
tables of integrals if needed. 

1. Design studies of colliding electron (E - 15 GeV) and proton (E = 70 GeV) 
beams are being conducted jointly by SLAC and LBL. For simplicity assume 

that both rings of counter rotating beams have 150 meters radius. (20 pts. ) 

a) What magnetic fields are required to hold the particles in orbits 
of this radius? 

How long does it take for one circuit around and how far does it seem to 
* 

an observer in: 

b) the lab ? 

c) the electron rest frame? 

d) the proton rest frame? 

e) How long in the lab could one store a mion (rest mass = 105 ^5 end 

mean life - 2.2 x lo” sec.) beam in the proton ring before the number 

decayed to —of its original value? 

* 

Even though the moving observers are not in inertial frames of reference 
you may still use special relativity to obtain these answers. 
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2, a) Give Maxwell's equations 
And from them derive: 

b) Gauss' law (the relation between surface integral and charge) 

c) Ampere's law (the relation between line integral and current) 

d) Faraday's law of induction. 

e) Calculate the electrostatic self energy of a sphere uniformly charged 
throughout its volume where Q is the total charge and E is the radius. 

(20 pts. ) 

3, Two concentric spherical conductors of radii 
a and b ( >a), half filled with material of 
dielectric constant e as shown, have charges 
on them +Q and -Q, respectively. (20 pts.) 

a) What is the ratio of values of the electric field at the surface of 
the inner sphere at points 1 and 2? 

b) What is the surface charge density at these two points? 

c) What is the potential difference between the spheres? 

d) What is the capacitance of the two conductor systems? 

e) What is the electrical energy of this system? 

4, A 20 pm diameter conducting wire is 8 mm away from a grounded plane. (20 pts.) 

a) What is the capacity per meter of this wire? 

b) Suppose a 50 u resistor in series with 1 pHenry inductance is connected 

across one end of such a wire (one-meter long) to ground, and at t = 0 

-13 

a charge of 5 x 10 coulombs is placed on the wire. Plot the voltage 

(in millivolts) across the resistor as a function of time, 
x- 

4 
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5. a) Considering the hydrogen atom to be in a circular orbit, calculate 

-7 

classically how long it would take to spiral from an orbit of 10 cnu 

-8 

to one of 10 cm, (Hint: Start with an expression of the total 
energy as a function of the radius,) 

b) Sketch qualitatively the intensity pattern of the radiation indicating 
the nature of the polarization in the plane of the orbit and along 
the axis of rotation, 

c) Calculate the magnetic field in gauss produced by the electron at the 

•8 

proton for r = 10~ cm. 

d) Calculate the splitting of the energy (in electron volts) produced by 
the proton when its spin is parallel and anti-parallel to this magnetic 
field. The magnetic moment of the proton is 2.9 nuclear magnetons. 

(25 pts.) 

6. a) Using the magnetization curve, calculate 

the number of ampere-turns necessary to X 

N 

produce a 10 kilogauss magnetic field in ^ 
the 20 cm. gap of the C-magnet. 

b) If the cross section of the gap and steel 

2 

are both 1000 cm , calculate the stored 
energy in the gap, 

c) What force is tending to pull the pole 

tips together? * ^ 

(20 pts.) B (kg) £ 


H (oersteds) 




100 cm 
20 cm 
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7. Derive the intensity distribution of a double slit Fraunhofer diffraction 
pattern where the slit separation is b and the slit width is a. (20 pts.) 

8. It is said that during World War H the British placed a radar transmitter 
on the cliffs of Dover and used the English Channel as a mirror in order 
to time the deployment of their fighter interceptors. (20 pts. ) 

a) If the transmitter were placed 200 m. above the water level, what 

frequency should the transmitter have in order to produce the first 

-3 

interference maxinum at an angle of 6 x 10 radians above the horizon? 

b) If the approaching German aircraft were at an altitude of 2000 meters 

lcm 

and moving at 600 — how ranch warning time after they passed through 
the second maximum did the RAF pilots have to rise to meet the incoming 
aircraft? (They had to wait until the second maximum was encountered 
in order to calculate the velocity.) 
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Preliminary Graduate Examination III 
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Instructions: Try to answer all 7 questions. Present your work in as clear 
and as neat a form as possible. To maximize your score, the grader mist be 
able to understand what you are doing. In any given problem, if you cannot 
complete a calculation because of gaps in your knowledge, show those parts 
which you can do and point out where you have forgotten things. Ycu may use 
tables of integrals if needed. 


1. Miscellaneous Facts, Concepts, and Formulae ( 30 pts. ) 

A. Give the values of the following constants correct to one significant 
figure. Include units. 

1. Planck's constant h ^not 

2. Speed of light 

3. Charge of electron 

4. Rest mass of electron 

5. Boltzmann constant 

6. Avogadro's nunber 

7. Bohr radius (radius of ground state of hydrogen) 

B. Give the following fornulas. Define all quantities used. 

1. Energy levels of a one-dimensional simple harmonic oscillator 

2. Energy levels of a particle in a 3“dimensional cubical box of side L. 

3. Energy levels of a hydrogen atom (neglecting relativistic effects) 

4. The Hamiltonian for a charged particle in the presence of an electro¬ 
magnetic field 

5. The transition probability for a system in a time varying perturbation 
H'(t) to go from a discreet state i to a continuum state f (Fermi's 
Golden Rule). 
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1. (cont. ) 

C. Calculate the ground state energy for 7 non-interacting protons in a 
one-dimensional infinite square well of width L. Perform a similar 
calculation for 7 non-interacting alpha particles. 

2. Radioactive decay ( 15 pts,) 

A, At time t = 0 a sample contains 10^ atoms of an element A which 
decays in a mean time of 10^ secs, into an element B which itself 
decays in a mean time of 10^ secs. Assuming that B is totally 
absent at t = 0 how many atoms of B are present after 2 x 10^ sec.? 

B. Sketch a graph showing the amount of B present as a function of time. 

3. Approximation techniques I (25 pts. ) 

A, Estimate the ground state of the energy potential shown below using 
the variational method. 

v = a|x| 
x 

B. Outline how to estimate the first excited state of this potential 
using the variational method. Give as mich detail as you can without 
actually evaluating complicated integrals. 



4. Approximation techniques II ( 25 pts.) 

A. For a Hamiltonian H q a system has energy eigenstates 


H = E? 
o i i i 


Use the Rayleigh-Schroedinger perturbation theory to derive the 1st 
and 2nd order corrections to E° when the small perturbation H* is 
included in the Hamiltonian (H° = H° + H'). Assume all the unperturbed 
states are discreet and non-degenerate. 
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4. (cont.) 

B. Describe how to handle the case when some of the unperturbed states 
are degenerate. 

C. Find the 1st order correction to the ground state of the harmonic 

4 

oscillator if we consider the small enharmonic term H' = bx 

2 

o mm oo c 

The unperturbed ground state is \p = Ae 
A,a are constants. 

5. Approximation technique III ( 20 pts.) 

A hydrogen atom in its ground state is placed between the plates of a 
capacitor. A voltage pulse is applied to the capacitor so as to produce 
a homogeneous electric field that has the time dependence 

_ t 

E = 0, t < 0 ; E=Ee r ,t>0 

~ 7 ^ .—<Q 7 


E is in the +* direction 
~o 

Find the first-order probability that the atom is in the 2S state (200) 
after a long time. What is the corresponding probability that it is in 
the 2P state (210)? 


The relevant wave functions are , 



*200 


Xp - ± 

210 7T 




r 

a 

o 


r 

2a 

o 




a = Bohr radius 
o 


e 


cos 9 
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6. Microscopic Observations ( 25 pts.) 

A. Describe briefly ( < 150 words for each of 1, 2, and 3). Include 
relevant orders of magnitude when you can. 

1. How to measure the magnetic moment of the electron. 

2. How to measure the magnetic moment of a nucleus. 

3. How to measure the angular momentum quantum number L of a beam 
of atoms known to have the same total L. 

4. How to measure the work function of a metal. 

B. 1. Considering only the coulomb interaction, what is the degeneracy 

of the n = 2 state of the hydrogen atom? 

2. Name the intrinsic interactions in the atom which actually remove 
all the degeneracy. For each effect estimate the actual splitting 
of the energy level. 

C. All molecules experience weak attractive forces which eventually cause 
solidification in a regular lattice at low enough temperatures. Only 
helium remains liquid to absolute zero. Why doesn't helium solidify? 

7, The Schrodinger Equation (30 pts. ) 

Consider a particle of charge e attracted to the plane z = 0 by a simple 

1 2 

harmonic potential — kz . In addition, a uniform magnetic field B = B Q k 
is in the z direction. For this system show how to solve the Schrodinger 
equation. Find the energy eigenvalues. This problem can be solved exactly. 
You need not solve for the eigenfunctions explicitly. Hint: try the 
gauge in which A = (o, Bx, o) 



University of California, Berkeley 
Department of Physics 


Preliminary Graduate Examination IV 
Room 50 Birge Hall 
October 7, 1972 - 1:00 PM to 4:00 PM 


Instructions: Try to answer all 8 questions. Present your work in as clear 
and as neat a form as possible. 


1. Estimate by means of the uncertainty principle the ground state energy 

2 - 3 

level of a particle in the potential - g r ^ (g; real constant). 


2. A solution of the Schroedinger equation is given by 'A(x). Go to the 
frame which is moving in velocity v relative to this frame. Find the 
form of the wave function in this frame. 


3. In a spherical symmetric potential the orbital angular momentum /is 

conserved, but its components do not conmute with each other \_£ , £ ] * 0 
for i ^ j. We also know that in a spherical symmetric potential, energy 

levels are degenerate with respect to £ . To generalize this case, suppose 

z 

that a quantum mechanical system has two conserved quantities, but the 
operators describing these two physical quantities do not conmute with 
each other. Does this system always have a degenerate energy level? 

Answer in Yes or No. Then justify your answer by a mathematical proof 
or a counter example. 
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4. Three potentials between two spin~| particles are given below: 


V (r*) = 


f(r) , 

(f • (r* * g(r) , 

' |i * + ff* 2 )| h(r) , 


( 1 ) 

( 2 ) 

(3) 


where r* is the relative coordinate of the two particles (t = 3?. - ), 

and are the Pauli spin matrices operating on the particle 1 and 2, 

s the relative orbital angular momentum defined by / = -it\r* * -~- 

o r 

and f(r), g(r), and h(r) are functions only of r. 

—* -*2 + 

Answer for each potential whether J = * ^»^* cr = <J l +<r 2 , 

and are conserved or not. 



J 

l 

r 

~tT~ 

T 2 

(1) 






(2) 






(3) 
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5. A particle hits the potential barrier as drawn below (l dimensional): 



incident particle is smaller than V^. By using one of the approximations 
that ycu think appropriate, estimate the rates of transmission through 
and refle ction against this barrier. 


6 . 


The proton-proton scattering is measured in the apparatus shown below: 


proton 

beam 



The apparatus is filled with hydrogen gas at 0°C and pressure 10 nrnl-ig. Proton 
of energy 10 MeV from a cyclotron are collimated into a beam of 2 ran in dia¬ 
meter. The beam has an intensity equivalent to 1 micro-ampere of electric 
current. An ionization chanter is set at 45° to the incident beam direction, 
to detect scattered protons. It is known from the opening of the chamber 
and beam size that the area where scattering takes place is (0.2) cm. The 

opening angle of the ionization chanter seen from the area of scattering is 

-3 

10 Sterad. 

a) The ionization chanter counts 200 protons/sec. Assuming the counting 
efficiency is 100^, calculate the differential cross section at 4b° in 


the laboratory frame 
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6 . (cant.) 

b) Replace the proton-proton nuclear force at 10 MeV by a spin-independent 
Yukawa potential (g/r) e Mr (g and /j.: constants). Calculate in the 
first Bom approximation the differential cross section for the proton- 
proton scattering in this nuclear potential. Do the calculation first 
ignoring the fact that the projectile and target particles are iden¬ 
tical particles. Then give a correct result including the identity 

of the particles and their spins. 

c) The expression of the differential cross section obtained in b) is 
the same for attractive and rejulsive potentials. However, if one 
takes account of the coulombic scattering between the protons, one 

can distinguish between attractive and repulsive nuclear forces. Explain 
how you can do so. (Hint: write the complete expression for the 
differential cross section in case of Yukawa + coulomb potentials and 
inspect it.) 

7 . An electron in an excited level of a hydrogen-like atom makes transition 

to a lower level by emitting one photon. 

a) One of the most common transitions is the electric dipole transition 
which takes place through the matrix element proportional to 
/</*(x) ^(x) d 3 x. 

State for each transition below whether the electric dipole transition 
can occur or not. 

1) 3p-2p, 2) 3d-*-2p, 3) 3c^ls . 
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7 . (cont.) 

b) For those where the electric dipole transition is forbidden, write 
what is the most likely transition (E2, E3 ...., or Ml, M2 ....). 

c) Suppose that we excite the ground state electron to the 2p level by 
radiating with the circularly polarized photon. Determine the direction 
of the orbital angular momentum (the eigenvalue, of / along the direction 
of the photon momentum) of the excited electron. 

8 , a) A spin 2 nucleus is placed in a uniform magnetic field H q along 

z-axis. Solve the motion of the spin magnetic moment in the field H . 

o 

b) An oscillating magnetic field 

H. = (H, = H..cos art, H. = -H.sinart, H.. = 0) 

l lxl ly 1 lz ' 

is superposed on 2 . Calculate the probability that the nuclear 

o 

spin pointing toward the positive z axis at t = 0 flips to the 

negative z- direction ( a transition from s =* to -£). 

z 



University of California, Berkeley 
Department of Physics 

PRELIMINARY GRADUATE EXAM I 
March 31, 1973 — 9 am to 12 noon 

Instructions: Try to answer all 6 questions. Present your work in as clear 
and as neat a form as possible. To maximize your score, the grader must be 
able to understand what you are doing. In any given problem if you cannot 
complete a calculation because of gaps in your knowledge, show those parts 
which you can do and point out where you have forgotten things. You may use 
tables of integrals if needed. 

1. (15 points) Use conservation principles to 

a) show that a body dropped at the equator falls to the east, and 

b) find the change in apogee distance of a circularly orbiting satellite 
when its speed is suddenly increased by 10 per cent. 

2. (15 points) A spherical pendulum is a simple pendulum that is free 

to swing through the entire solid angle about a point. 

a) Set up the equations of motion for this system by means of Lagrange's 
equations and identify the constants of the motion. 

b) Combine these equations in such a way as to give an equation for 
the vertical motion of the system in terms of the parameters of the 
problem. 

c) Show how this can be related to energy considerations and indicate 
the potential function involved, and finally, 

d) Discuss the vertical excuraions of the spherical pendulum and 
indicut.e how it differs from the nutation of a top. 
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3- (15 points) A top is made by inserting a light rod of radius r 

through the center of a massive disk of radius R, as shown below: 



Consider the case where the top's point of contact rolls on a rough 
surface without slipping so that the inclination of the top with the 
vertical direction remains constant and the center of mass of the top 
moves in a horizontal circle of radius S with angular velocity. 

a) Show all the forces on the top, 

b) for a "fast" top, show the angular momentum and torque vectors, 

c) give the rotational equation for motion with a constant preces- 
sional rate, and 

d) give the equation for the top's spin so that slipping does not 
occur at the point of contact. 

*+• (15 points) A uniform rod of thickness a is placed atop a fixed 

cylinder of radius R whose axis is horizontal, where R > a/2. Show 
that there is a restoring force that returns the rod toward equilibrium 
when disturbed (assuming no slipping) and calculate the frequency of 
small oscillations about the horizontal position. 




Page 3 


5. (15 points) A solid contains N mutually non-interacting nuclei of 
spin 1. Each nucleus can be in any one of three quantum states 
labeled by M * 0, ±1. Because of electric interactions with internal 
fields in the solid, a nucleus in either state M « ±1 has the same 
energy (E > 0), while its energy in state M * 0 is zero. Derive 

a) the entropy of the system as a function of temperature T, and 

b) the expression for the heat capacity in the limit E/kT << 1. 

6. (15 points) Two identical gases with the same pressure and number 

of particles, but with different temperatures T and are confined 

in tvo vessels with volumes and which are then connected. 

Find the change in entropy AS after the system has reached equilibrium. 
From this calculation, prove that AS * 0 if = T,,* 



University of California, Berkeley 


Department of Physics 


PRELIMIHABY GRADUATE EXAM II 
March 31, 1973 ~ 1:15 pm to U:15 pm 


Instructions: Try to answer all 6 questions. Present your work in as clear 
and as neat a form as possible. To maximize your score, the grader must be 
able to understand what you are doing. In any given problem if you cannot 
complete a calculation because of gaps in your knowledge, show those parts 
which you can do and point out where you have forgotten things. You may use 
tables of integrals if needed. 


1. a) (8 points) Long after the switch is closed in the circuit, what 




b) (8 points) The circuit below is a phase shift network. Show by 
a vector diagram that V - V^/2 (for no load in the output), and from 
it give the phase variation between V q and as R is adjusted from 
0 to °». Relate all voltages to points in the circuit. 
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2. Outline briefly the steps and assumptions which obtain the relationship 

D » e E + P (or D = E + UirP). Label your outline by a), b), etc. in 
o 

» 

answer to the following: 

a) (3 points) Why is E an average field and not microscopic? 

b) (3 points) Show where and how higher moments than P could be included. 

c) (3 points) Define the bound volume and surface charges. 

d) (8 points) A cylinder of radius r Q and length i with dielectric 

constant e rotates at angular velocity w about its axis in a magnetic 
field B parallel to ui. Find P and bound volume and surface charges 
everywhere. Prove the sum of all bound charges in the rod is zero.^ 

3. Suppose the universe contained magnetic monopole charges q^. Based 

on what we know at present about the effects of electric charges q, 
write out Maxwell's equations under the assumption that both of these 
charges exist. By these equations is meant a total of four equations, 
where two of them involve time derivatives. For each equation labeled 
successively a), b), c), and d) (3 points each), define each symbol 
and justify the physical meaning and source of each relationship. 

e) (2 points) Express the "Lorenta force" equation for charge q. 

f) (2 points) Express the "Lorentz force" equation for charge q^. 

g) (2 points) For low velocities v express D and H at distance r from 

a moving electric charge q. 

h) (2 points) Express the corresponding fields to those in g) for a 
moving magnetic monopole charge q^. 
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4. a) (3 points) A charge £ at position r of mass a is initially at 

rest (v * 0) in a magnetic field 3 which is a perfectly spatially 
homogeneous field at r. How would you go about specifying the force 
direction on q if B begins to change with time? 

b) (3 points) Two iron bars are identical in all respects except 
that one of them is magnetized. With no external measuring device 
or test fields at your disposal, how would you distinguish the two 
bars from one another? 

c) (3 points) Show why a beam of light at normal incidence to a 
metallic surface exerts a force on the surface always in the direc¬ 
tion of the incident beam. 

5. A charge q of mass m is connected to a perfectly elastic frictionless 
spring. The charge oscillates at frequency u) q along z, about z = 0, 
over displacements z « X. 

a) (4 points) Express the radiated S and B fields in the radiation 
zone in terms of the dipole moment p, and other required quantities, 
using spherical coordinates, where p is located at r * 0. Sketch 

E and B in the radiation zone at r for various 0. 

b) (6 points) Find the total average radiated power. 

c) (7 points) At time t • 0, the initial displacement of q is z * z q . 

Calculate the time T for the displacement (averaged over many 
oscillations, given cot » l) to decrease to 1/e of its initial 


value. 
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6. (8 points) A black screen with a circular opening of radius a is located 

in the xy plane, with center at the origin. It is irradiated by a 
plane wave of light * e* kz + k ■ 2ir/X. Determine the approximate 

zeros of intensity on the positive z axis for z » a. 



University of California, Berkeley 
Department of Physics 

PRELIMINARY GRADUATE EXAM III 
April 7, 1973 — 9 am to 12 noon 

Instructions: Try to answer all 5 questions. Present your work in as clear 
and as neat a form as possible. To maximize your score, the grader must be 
able to understand what you are doing. In any given problem, if you cannot 
complete a calculation because of gaps in your knowledge, show those parts 
which you can do and point out where you have forgotten things. You may use 
tables of integrals if needed. 

1. (100 points) Give values of the folloving quantities, to within one 
order of magnitude. 

a) (15 points) The ionization potential of 3e (Z = *0. 

b) (10 points) The ionization potential of Be" M " + . 

c) (15 points) The ionization potential of Bi (Z = 83). 

d) (10 points) The binding energy of the nucleus of Be (A = 9). 

e) (10 points) The binding energy of the nucleus of 3i (A = 209). 

f) (20 points) The spin magnetic moment of the electron. 

g) (20 points) The spin magnetic moment of the proton. 

2. (100 points) Neutral. K mesons have 500 meV rest energy and zero spin 
angular momentum. They decay into a positive and negative tt meson, 
each of which has lUO meV rest energy and zero spin angular momentum. 

In the decay of K mesons with 1000 meV/c momentum, calculate 

a) (35 points) the maximum and minimum momenta of the emitted n mesons. 

b) (30 points) What is the angular distribution of the emitted n mesons 

in the rest frame of the K meson? Explain. 
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2. (cont.) 

c) (35 points) Use your result of b) to obtain an expression for the 
energy distribution of the emitted ir mesons in the laboratory frame. 

3- (100 points) A simple model of odd-A nuclei considers all nucleons but 

one to be "paired" to form a core with zero spin and zero orbital angular 

momentum. The magnetic moment of the nucleus is then attributed to the 

/ 

single nucleon (neutron or proton) outside the core. Calculate an 
expression for the nuclear magnetic moment of an odd-A nucleus in which 
the odd nucleon has orbital ang ular momentum L and its maximum total 
angular momentum. 

4. (150 points) The term scheme of the neutral helium atom, inferred from 

observation of frequencies of spectral lines, shows two distinct systems 
of levels, with only very small probabilities for transitions between 
the two. 

a) (25 points) Write the Schroedinger equation for He, assuming the 

nucleus to be infinitely heavy. 

b) (25 points) What is the ground-state configuration of the two electrons? 

c) (25 points) What is the ground-state energy? (Give an approximate 

value; do not attempt to solve the Schroedinger equation explicitly.) 

d) (25 points) What property distinguishes the two term schemes? 

e) (25 points) Compare two levels with the same principal quantum number 

and orbital angular momentum quantum number. In which series is the 
energy smaller? Explain. 

f) (25 points) Account for the fact that intercombination transitions 


are not absolutely forbidden. 
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5. (50 points) Calculate, to within a multiplicative constant, the differ¬ 
ential cross section for scattering of particles of momentum P in a 
potential which can be represented by a 6 function. Use Born approximation. 
Show that similar energy and angle dependence is obtained for differential 
cross sections in any finite range potential at "low" momentum. Give 
the condition on "low" momentum for this result to follow. 



University of California, Berkeley 
Department of Physios 


PRELIMINARY GRADUATE EXAM IV 
April 7, 1973 — 1:15 pm to 4:15 F® 


Instructions: Try to answer all U questions. Present your work in as clear 
and as neat a form as possible. To maximize your score, the grader must be 
able to understand what you are doing. In any given problem, if you cannot 
complete a calculation because of gaps in your knowledge, show those parts 
which you can do and point out vhere you have forgotten things. You may use 
tables of integrals if needed. 


1. (100 points) A neutral spin % particle with a magnetic moment u 

(e.g. a neutron) is in a non-uniform magnetic field of the form 

B = B ♦ kz , B * - ky , B = 0 
z o y x 

a) (10 points) Check that V • B * 0. 

b) (4o points) Calculate the time evolution of the coordinate 
operators x, y, z in the Heisenberg picture. 

c) (30 points) Calculate the time evolution of the expectation values 

<y>, <z>, assuming that the initial wavefunction at t = 0 is 

>Mx, y, z, 0) * A(x, y, z) e ik ° X 

where A(x, y, z) is an even function of x, y, z and where (ij>, p) = 1. 
4) Apply these results to the Stern-Gehrlach experiment. How many 

spots do you expect in the emerging beam for an initially unpolarized 
beam? Reconcile this with the results of part c). 



(100 points) A pendulum consisting of a massless rigid rod of length 1 
and a mass m attached to its end is swinging back and forth. After a 
while this motion stops due to friction and the pendulum comes to rest 
according to classical physics. But according to the uncertainty 
principle, it never quite stops swinging and does not really come to 
complete rest. 

a) (25 points) Estimate the minimum rms excursion of the pendulum and 
the minimum residual energy of the pendulum. 

b) (25 points) Compute these quantities for a 10 cm. long pendulum and 

a 1 gram mass. At what temperature will this motion become apparent? 

p 

You are given that g = 980 cm/sec . 

c) (25 points) Calculate the excited states of the pendulum using the 
Bohr-Soramerfeld quantization rule, assuming E << 2mg£. Do the levels 
get farther apart or closer together as E increases? Discuss the 
behavior of the levels near E = 2mg£. 

d) (25 points) State the correspondence principle and apply it to the 
results of part c). 

(50 points) 

a) (25 points) Calculate the first relativistic correction to the 
ground state energy of a particle in a one-dimensional box 

(V = 0 for f_ x <_ a, V - <*, jx| >_ a). 

b) (25 points) Evaluate the fractional shift of the ground state 

—Q 

for an electron in a box of dimensions a = 10 cm, and for a 

-13 

neutron in a box of dimensions a = 10 cm. 



(100 points) 

a) (20 points) Sketch the Zeeman splitting of the 2Paad ^ P i/2 

states of hydrogen as a function of magnetic field. (You need 
not perform detailed calculations except for the high-field limit 
of the splitting.) 

b) (UO points) There are certain level crossings in part a) at inter 
mediate fields. Discuss generally the conditions necessary for 
level crossing. 

c) (1*0 points) Determine which sublevels can cross in part a). 

(Hint: use the Wigner-Eckart theorem.) 



University of California, Berkeley 
Department of Physics 


PRELIMINARY EXAMINATION 


FALL 1973 


Part I 3 Hours 180 points 


1. (60 points) 

To within a factor of ten, estimate, calculate roughly, or remember 
the following (say or show how you got your answer): 

(a) The de Broglie wavelength of the earth. 

(b) The total binding energy of an Fe nucleus. 

(c) The magnetic dipole moment of the earth. 

(d) The vapor pressure of water at 20°C. 

(e) The average speed of a conduction electron in a bulk sample of sodium 
metal. 

(f) The hyperfine splitting in the spectrum of atomic gold. 

2. (15 points) 

On a long space voyage, it may be desirable to simulate gravity by 
rotating the spaceship. Suggest the size and rotation period so that 
gravity is simulated without Coriolis effects being annoying. 


3. (45 points) 

In the Thomson-Lorentz model of an atom, an electron is harmonically 
bound to a force center, i.e., it is a (3-dimensional) harmonic oscillator 
of natural frequency too* (Short answers, as indicated by the blanks which 
follow, are sufficient, but you may expand on them if you wish.) 

(a) Classical statistical mechanics (CSM) states that the mean energy 

(kinetic plus potential) of each oscillator is __, 

in thermal equilibrium. 

(b) Quantum statistical mechanics (QSM) states that the mean energy is 


(c) For an assembly of oscillators, the specific heat is_(CSM) 

or _(QSM) . CSM is valid when __>>_ 

(d) A static electric field is applied, producing a mean dipole moment 

£ H a E_. Classical mechanics (CM) predicts that a =_. 

Quantum mechanics (QM) predicts that a - _in the ground 

state, and a ■ _ in thermal equilibrium. 
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Part I (cont.) 


4. (20 points) 

Prove the truth or falsity of the following propositions concerning 
nonrelativistic motion of a positive ion in static fields: 

(a) The trajectory of an ion starting from rest in an arbitrary electro¬ 
static field is independent of its mass. 

(b) If positive ions of mass m^ originate at rest in a system of static 
electric and magnetic fields and describe certain trajectories, ions 
of mass m^ can have these same trajectories if all electric fields 
are changed by the same appropriate factor. 

5. (40 points) 

A parachutist jumps at an altitude of 3000 meters. Before the 
parachute opens she reaches a terminal speed of 30 m/sec. 

(a) Assuming that air resistance is proportional to speed, about how 
long does it take her to reach this speed? 

(b) How far has she traveled in reaching this speed? 

After her parachute opens, her speed is slowed to 3 m/sec. As she 
hits the ground, she flexes her knees to absorb the shock. 

(c) How far must she bend her knees in order to experience a deceleration 
no greater than 10 g? Assume that her knees are like a spring with 

a resisting force proportional to displacement. 

(d) Is the assumption that air resistance is proportional to speed a 
reasonable one? Show that this is or is not the case, using 
qualitative arguments. 



University of California, Berkeley 
Department of Physics 


PRELIMINARY EXAMINATION 

Part II 3 Hours 180 Points 


FALL 1973 


1. (45 points) 

2 

A beam of electrons with energy Y m^c has a circular cross section 
of radius R, and a uniform number density n g . Inside this beam are 
free ions at rest, of mass M and uniform number density n^ < n^ throughout 
the beam. 

(a) Find the electric field inside and outside the beam. 

(b) Find the magnetic field inside and outside the beam. 

(c) In the electron rest frame, find the electron and ion densities. 

(d) In the electron rest frame, find the electric field inside and 
outside the beam. 

2. (45 points) 

An assembly of N fixed particles with spin 1/2 and magnetic moment u 
is in a static uniform applied magnetic field. The spins interact with 
the applied field but are otherwise essentially free. 

(a) Express the energy of the system as a function of its total magnetic 
moment and the applied field. 

(b) Find the total magnetic moment and the energy, assuming that the 
system is in thermal equilibrium at temperature T. 

(c) Find the heat capacity and the entropy of the system under these 
same conditions. 



- 2 - 


Part II (cont.) 



A piece of copper foil is bent into the shape shown. Assume R = 2 cm, 
2. = 10 cm, a - 2 cm, d - 0.4 cm. Estimate the lowest resonant frequency 
of this structure and the inductance measured between points A and B, 
when the inductance is measured at a frequency much lower than the resonant 
frequency. 


4. (45 points) 

The ground-state energy of a hydrogen-like atom is slightly perturbed 
by the finite size of the nucleus. Assume that the nuclear charge Ze is 
uniformly distributed through the nuclear volume (of radius R). 

(a) Find the potential energy of the electron as a function of its position. 

(b) Find the change in energy of the ground state. 
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Department of Physics 


PRELIMINARY EXAMINATION 

Part III 3 Hours 180 Points 


FALL 1973 


1. (30 points) 

(a) An observer weighs a body repeatedly with the following results: 

10.1 grams 
10.6 

10.2 

10.5 

10.3 

10.5 

10.4 

10.6 

The standard deviation of a single measurement (from the average of 
a very large number of measurements) is _ . 

The standard deviation of the mean of the measurements (from the 
average of a very large number of measurements) is __. 

If we call this last quantity a, the probability that the true value 

of the mass is within 2 a of the mean value obtained is about _ 

(Make whatever assumptions you consider reasonable). 

(b) The mean result of measurements of the mass of the body by observer 
A is 10.7 ± 0.1 grams; by observer B is 10.1 ± 0.2 grams. 

The weighted average of these measurements is _ 

The standard deviation of the average based upon the quoted errors 
is 


The standard deviation of the average based upon the disagreement 
between the two determinations is _. 

What does the difference between the two standard deviations indicate 
about the measurements. (Make whatever assumptions you consider reasonable). 


2. (45 points) 

For an interaction V(r) = 5 r ^ exp(-ar) find the differential scattering 
cross section in Born approximation. What are the conditions for validity? 
Suggest one or more physical applications of this model. 
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3. (45 points) 

A furnace contains atomic sodium at low pressure, and at a temperature 
of 2000°K. Consider only the following three levels of sodium: 

2 2 6 2 

ls“2s 2p 3s S zero energy (ground state) 

ls 2 2s 2 2p 6 3p 2 P 2.10 eV 

2 2 6 2 

Is 2s 2p 4s S 3.18 eV 

(a) What are the photon energies of the emission lines present in the 
spectrum? What are their relative intensities (give appropriate expres 
sions, and evaluate them approximately as time permits)? 

(b) Continuum radiation with a flat spectrum is now passed through the 
furnace, and the absorption spectrum observed. What spectral lines are 
observed? Find their relative intensities. 


4. (60 points) 


The central plate, bearing 
total charge Q, can move as 
indicated but makes a gas- 
tight seal where it slides on 
the walls. The air on both 
sides of the movable plate is 
initially at the same pressure 
P Q . Find value (s) of x where 
the plate can be in stable 
equilibrium. 




Conductor 
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FALL 1973 


Part IV 3 Hours 180 Points 


1. (30 points) 

When 2 beams of protons of kinetic energy T Q collide head-on the available 
energy for reactions is the same as for a single beam of what kinetic 
energy colliding with stationary protons? (Use relativistic expressions). 

2. (40 points) 

(a) Describe briefly the energy spectra of alpha and beta particles emitted 
by radioactive nuclei. Emphasize the differences and qualitatively 
explain the reasons for them. 

(b) Draw a schematic diagram of an instrument which can measure one of 
these spectra. Give numerical estimates of essential parameters and 
explain how they are chosen. 

3. (30 points) 

A small celestial object, held together only by its self-gravitation, can 
be disrupted by the tidal forces produced by another massive body, if it 
comes near enough to that body. For an object of diameter 1 km and of 
density 2 g cm - ^ find the critical distance from the earth (Roche limit). 

4. (40 points) 

Consider air at room temperature moving through a pipe at a pressure low 
enough so that the mean free path is much longer than the diameter of the 
pipe. Estimate the net flux of molecules in the steady state resulting 
from a given pressure gradient in the pipe. Use this result to calculate 
how long it will take to reduce the pressure in a tank of 100 liters volume 
from 10~^mm of Hg to 10“®mm of Hg, if it is connected to a perfect vacuum 
through a pipe one meter long and 10 cm in diameter. Assume that the 
outgassing from the walls of the tank and pipe can be neglected. 

5. (40 points) 

A tritium atom (^H) can undergo spontaneous radioactive decay to a helium-3 
ion (^!Ie + ) by emission of a beta particle. The departure of the electron 
is so fast that to the orbital electron the process appears as simply an 
instantaneous change in the nuclear charge from Z = 1 to Z * 2. Calculate 
the probability that the He ion will be left in its ground state. 
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PRELIMINARY EXAMINATION 


FALL 197U 


INTRODUCTION 


1. Write your Identifying code number on the blue book. 

2. Read through the questions and plan your time. 

3. Work problems as specified, in any order, but keep all parts of the 

same problem together or carefully marked. 

A. Cross out work you do not wish to be considered in grading. 

5. If you believe the information given is inadequate., supply your own, 

indicating the reasons for your choice. 

6. The total examination is in four parts of approximately equal length. 

7. You should be able to complete each part comfortably in the three 
hours which are allotted. GOOD LUCK1 

Case* 

22 4 X 10' cm*/mol 

2 59 X 10'® cm** 

6 0222 X 10” mol* 1 
8 314 X 10 T ergs mol* ! deg" 1 
1381 X 10* ,# erg/K 
1.01 X 10® dyn/cm* 

3 32 X 10® c m/s Speed of sound in air at STP 


Molar volume at STP 
loschmidts number 
Avogadros number 
Gas constant 
Boltzmann's constant 
Atmospheric pressure 


"0 

R 

k 


Atomic 

6 6262 X 10**' erg * 
1 0546 X 10"” erg-s 
13 6 electron volts 
1 6022 X 10*” erg 

1 2398 X IQ" 4 cm 

2 4180 X 10 u s*‘ 

0 5292 X 10"* cm 


Planck's constant n 

Planck's constant/2w ^ 

Energy associated with 1 Rydberg 

Energy associated with 1 electron volt eV 

Wavelength associated with 1 electron volt 
Frequency associated with 1 electron volt 
Bohr radius of the ground state of hydrogen e 0 


0 9274 x 10**° erg/G 
137 036 


Bohr magneton 

Reciprocal of fine-structure constant 


Pa 


Aerticlee 

1.67265 x IQ*® 4 g 
1 67496 X 10*” g 

1 66057 x 10* 14 g 
0 910954 X 10"” 9 
0 93828 X 10 9 eV 

0 511 004 x 10* eV 
0 93150 X 10”«V 
1836 

2 818 x 1Q l * cm 

4 80325 X 10-'*eau 
1 80219 X 1G- tc C 


Proton rest mass ^p 

Neutron rest mass 

1 unified atomic mass unit (= ^ mass of C 1 *) u 

Electron rest mass m 

Energy equivalent to proton rest mass 


Energy equivalent to electron rest mass 
Energy equivalent to 1 atomic mass unit 
Proton mass/electron mass 

Classical radius of the elactron A> 

Charge on proton * 

Charge on proton • 
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Part I - Mechanics and Special Relativity 


FALL 197^ 

PRELIMINARY EXAMINATION 


1. (10 points) 

A particle of mass M moves along the x~axis under the influence of the 
potential energy V(x ) - -Kx e~ ax where K and a are positive constants. 
Find the equilibrium position and the period of small oscillations about 
this equilibrium position. Consider also the cases where K and/or a are 
negative. 


2. (10 points) 

Given a system of N point-masses with pairwise additive central forces. 
Using Newton's second and third laws, demonstrate that the total angular 
momentum of this system is & constant. Does this calculation depend upon 
what point is chosen as the origin of coordinates? Explain. 


3. (20 points) 

Observer #1 sees a particle moving with velocity v on a straight line 
trajectory inclined at an angle <$> to his z-axis. Observer #2 is moving 
with velocity u relative to #1, along the s -direction. Derive formulas 
for the velocity and direction of motion of the particle as it is seen 
by observer #2. Check that you get the proper result in the limit as 
v -*• c. 


U. (25 points) 

A hypothetical material out of which an astronomical object is formed has 
an equation of state 

P = 1/2 K p 2 

where P is the pressure and p the mass density. 

(a) Show that for this material, under conditions of hydrostatic equilibrium, 
there is a linear relation between the density and the gravitational 
potential. The algebraic sign of the proportionality term is important. 

(b) Write a differential equation satisfied at hydrostatic equilibrium by 
the density. What boundary conditions or other physical constraints 

should be applied.? 

(c) Assuming spherical symmetry find the radius of the astronomical object, 
at equilibrium. 



-2 


5. (35 points) 



A ring of mass M and radius R is supported from a pivot located at one point 
of the ring, about which it is free to rotate in its own vertical plane. A 
bead of mass m slides without friction about the ring. 

(a) Write the Lagrangian for this system. 

(b) Write the equations of motion. 

(c) Describe the normal modes for small oscillations, in the limits 
a»M and m<<M. 

(d) 


Find the frequencies of the normal modes of small oscillations for general 
m and M. 
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PRELIMINARY EXAMINATION l:!?- 1 *:!? pm 


Part II - Ei M and Optics 


1. (30 points) 

Two circuits each contain a circular solenoid of length 1, radius p (l >> p), 
with N total turns. The solenoids are on the same axis, a distance d apart 
(d >> l). The resistance of each circuit is R. Inductive effects other than 
those associated with the solenoids are negligible. 

(a) Calculate the self-and mutual inductances of the circuits. Specify the 
appropriate units. 

(b) Use L and M for the values found in (a). Calculate the magnitude and 
phase of the current which flows in the second circuit if an alternating 
emf of amplitude V, angular frequency uj is applied to the first. Assume 

u) is not too large. 

(c) What is the order of magnitude to which u> can be increased before your 
calculation in (b) becomes invalid? 


2. (20 points) 

A circular wire of radius R carries a current of i electro-magnetic units. A 
sphere of radius a (a « R) made of para-magnetic material with permeability 
p, is placed with its center at the center of the circuit. Determine the 
magnetic dipole moment of the sphere resulting from the magnetic field of the 
current. Determine the force per unit area within the sphere. 


3. (20 points) 

Given a uniform beam of charged particles, q/1 charges per unit length, moving 
with velocity v, uniformly distributed within a circular cylinder of radius R. 

What is the 

(a) Electric field E 

(b) Magnetic field H 

(c) Energy density 

(d) Momentum density 

of the field throughout space? 



U. (30 points) 


A bear, of light, with X = 500QA, travelling in the z-direction, is polarized 

at U 5 0 to the x-direction. It passes through a Kerr cell, i.e. a substance 

2 

such that n - n = K E , where n and n are the refractive indices for 
XV x y 

light polarized in the x and y directions. E is the strength of an externally 
applied electric field in the x-direction. The cell has length 1 cm., and 

K = 2.5 x 10 ^(meter )‘~/ (volts )“". 


(a) If the light, after passing through the Kerr cell, passes through a 
polarization analyzer whose plane of polarization is perpendicular to 
that of the original beam, calculate the smallest value of E which gives 
maximum transmission. Assume the effect of the electric field on reflections 
at the Kerr cell is negligible. 

(b) What is the state of polarization of the light emerging from the Kerr cell 
if the value of E^ is half that calculated in (a). 


(c) Consider the following arrangement 


Light 
polarized 
at 4 5° to 
x-direction 

< 

A 



t 





I 


sc.n 


The electric field is applied to the upper half of the Kerr cell only, 
and, after passing through the Kerr cell, the light passes through two 
slits as shown. There is no polarization analyzer after the slits. 
Assuming that the electric field affects n but not n , discuss the 
interference pattern, at a large distance beyond the slits, for various 
values of E^. 
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PRELIMINARY EXAMINATION 9:00-12:00 noon 

Part III - Heat , Statistical Physics and Quantum Mechanics 
1 . (30 points) 

(a) For a degenerate, spin - 1/2, non-interacting, Fermi gas, at zero 
temperature, find the expression for the energy of a system of N such 
particles confined to a volume V. Assume the particles are non-relativistic 

(b) Given such an expression for the internal energy of a general system 
(not necessarily a free gas) at zero temperature, hov does one determine 
the pressure? 

(c) Hence calculate the pressure of this gas and show that it agrees with 
the result given by kinetic theory. 

(d) Cite, and explain briefly, two phenomena which are at least qualitatively 
explained by the Fermi gas model of metals, but were not in accord with 
classical statistical mechanics. Cite one phenomenon for which this 
simple model is inadequate for even a qualitative explanation. 


2 . (30 points) 

The molecules of a certain gas consist of two different atoms, each with 
zero nuclear spin, bound together. Measurements of the specific heat of this 
material, over a wide range of temperatures, give the graph shown below. 


3.5- 
2 . 5 ^ 

1.5- 


1/' 







r 

3 


r 


(The values marked on the vertical scale correspond to the height of the 
curve in each of the "plateau” regions.) 


(a) Account for each of the different results found in the temperature 
regions: above T^; between T g and T^ between T^ and below T^ 
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r* 


(b) Given that the first excited state of the rotational spectrum of this 
molecule is at an energy kT above the ground rotational state, and 
o ^ 

T e = 6U , calculate from basic theory the rotational contribution to the 
specific heat capacity of this gas at 20°, at 100°, at 300°. 


3. (15 points) 

Consider a system defined by the Schrodinger eigenvalue equation 


{- 


2 

h <7 1 * v 2> * I K - T J } * (r _l> r _2> = E * 


(a) List all symmetries of this Schrodinger equation. 

(b) Indicate all constants of the motion. 

(c) Indicate the form of the ground-state wave-function. 

You may assume that the ground-state wave-function of the one-dimensional 
harmonic oscillator is a Gaussian. 


1*. (25 points) 

In the quantum theory of scattering from a fixed potential, we get the following 

expression for the asymptotic form of the wave-function 

•{ Vy* 

e lkZ + f(e,*) Sy— 

(a) If the entire hamiltonian is rotationally invariant, give the argument 
that the scattering amplitude f should be independent of the angle <p. 

(b) Why can't this argument be extended (considering rotations about any 
axis) to conclude that f should be independent of 9 as well? 

(c) Reconsider part (b) in the case where the incident energy approaches zero. 

(d) What is the formula for the scattering cross-section in terms of f? 

(e) What is the formula for the first Born approximation for f? (Be sure to 
define all quantities introduced. You needn't worry about simple dimen¬ 
sionless factors like 2 or it.) 

(f) Under what conditions is the Born approximation valid? 
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PRELIMINARY EXAMINATION 1:15-!*: 15 pm 


Part IV - Quantum Mechanics 


All questions .carry equal weight 


1. Describe approximate wave-functions and energy levels of the lowest set of 
P~states (L = l) of the neutral helium atom, using as a starting basis the 
known, wave-functions for the hydrogen atom of nuclear charge Z: 


. -1/2 -3/2 -r/a 

= ir a e 
Is 


, ,-1/2 -5/2 -r/2a 

n = (32 tt) a re cos 9 

2p,m£*0 


a = a /Z 

o 


etc. 


There are a total of 12 states (2 spin components X 2 spin components X 3 orbital 
components) which you should classify according to the Russell-Saunders coupling 
scheme giving all the appropriate quantum numbers. Be sure that the states 

are properly antisymmetrized. 

Give an estimate (to the nearest integer) for the values of "Z" to use for each 
of the two orbital wave-functions. What energy above the ground state results? 
What mathematical process could be used to calculate the optimum Z values? 

Write down an integral which gives the separation between two subsets of theae 
12 states due to the coulomb repulsion between the two electrons. Which states 
are lower in energy? 

Which of these P-states, if any, can decay to the atomic ground state by the 
emission of a single photon. (Electric dipole only.) 

Do there exist any other excited states with L = 1 which can decay to any one 
of the P-states discussed above by emission of a single photon by electric 
dipole interaction? If so, give an example of such a state in the usual 
scheme of spectroscopic notation. 
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2. Consider the n - 2 levels of a hydrogen-like atom. Suppose the spin of the 
orbiting particle and nucleus to be zero. Neglect all relativistic effects. 

(a) Calculate to lowest order the energy splittings in the presence of a 
uniform magnetic field. 

(b) Do the same for the case of a uniform electric field. 

(c) Do the same for both fields present simultaneously and at right angles 

to each other. 

(Any integral over radial wave-functions need not be evaluated; it can be 
replaced by a parameter for the rest of the calculation. The same may be 
done for any integral over angular wave-functions, once you have ascertained 
that it does not vanish.) 


3. Suppose one has electron in a S-state of a hydrogen atom which is in a magnetic 

field along the z-direction of strength K (Assume the nucleus has no spin and 

z 

H 2 H 

that (~—) « —- ). At time t = 0 a magnetic field along the x-direction is 

K n 

z z 

turned on; its strength increases uniformly from zero to at time t = T 

and then remains constant after t ** T (H « H ). Consider only the interaction 

X z 

between the electron spin and the magnetic field. Neglect all terms of order 

K 2 

or higher. If the electron has its spin in the z-direction at t = 0, 

H 

z 

find the state of the electron when t = T. Show that t£e state is an eigenstate 
of the Hamiltonian due to the combined magnetic fields H = (H , 0, H ) provided 

X l* 

that T is sufficiently long. Explain what sufficiently long means in this case. 
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PRELIMINARY EXAMINATIONS - GENERAL INSTRUCTIONS SPRING 1975 

1. These instructions apply to all four parts of the examination. 
Please read carefullyl 

2. Before you begin your work, write your name in BLOCK LETTERS on 
the blue book. Your answers should appear in the blue book. One 
book ought to have ample space for all the questions, but re¬ 
quest another book if you do need more space. Scratch paper, not 
to be handed in, will be supplied as needed. 

3. You should bring a sliderule and/or an electronic pocket calcula¬ 
tor to the examination. Apart from pens and pencils no other ma¬ 
terial is permitted. NOTE : In problems involving numerical an¬ 
swers nothing more than sliderule accuracy is required. 

4. Ask no questions about the formulation of the problems in the exa¬ 
mination. If you believe that a formulation is ambiguous, make a 
statement to this effect in your blue book, and state the inter¬ 
pretation on which your work is based. 

5. Each examination lasts 3 hours. Each question carries the same 
maximum number of points in the total score. The Examination 
Committee believes that the problems appear roughly in order of 
increasing difficulty. You can answer the questions in any order 
you like . Try to be very clear and concise in your answers, and 
try to minimize the possibility that something is misunderstood 
or overlooked by the grader. Box-in the principal results. Mark 
each page of your work with the problem number, and write notes 
such as " (cont,)" or "(to be cont.)" when appropriate. Try to 
keep the material for each problem together, but if dispersion 
becomes unavoidable, make sure that you guide the grader to the 
right place. Cross out false starts and superfluous material: 
crossed-out sections wi 11 be completely disregarded in grading. 
NOTE : On the cover of the blue book, circle the numbers of the 
problems on which you have some results. 

6. Try to do as much as you can on each problem. First read all the 
questions, and then attack the problems which you think are the 
simplest. Do not allow yourself to get bogged down, and be care¬ 
ful not to waste your time and energy on some unyielding problem 
before you have answered all the easy questions. The Committee 
has tried to avoid problems which lead to very cumbersome deri¬ 
vations or computations, and if you seem to encounter something 
extremely messy and complicated this may well be an indication 
that you are on the wrong track. Make a fresh start, but if the 
mess refuses to evaporate it may be advisable to set the problem 
aside temporarily and turn to something else which appears simp¬ 
ler. To maximize your score, try to say at least something about 
problems which you cannot solve comple tely .Educa ted guesses, heu¬ 
ristic arguments, a nd order-of-magnitude estimates, may earn par¬ 
tial credit. In problems which have several parts it is permissi¬ 
ble to base your solution for a later part on the premises stated 
in an earlier part, irrespective of whether you could solve the 
earlier part. 

BE CALMl GLORY TO PHYSICS [ GOOD LUCKl 
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General Physical Constants 
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Planck's constant: 


h = 2rrh - (6.62559 0.00015) x 10* 27 erg sec 

* = y- = (1.05449 * 0.00003) x 10- 27 erg sec 


Velocity of light 


c = (2.997925 ± 0.000001) x 10’° cm sec- 1 


Electronic charge: e = (4.80298 * 0.00006) x 10-'° esu 

= (1.60210 i 0.00002) x 10-' 9 coul 

Fine structure constant: a = ~ = (7.29720 0.00003) x 10- 3 • - = 137.0388 ± 0.0006 

nc J a 


Avogadro’s number 


.V 0 = (6.02252 ± 0.00009) x 10“ mol-* 


Boltzmann’s constant 


k = (1.38054 ± 0.00006) x 10-'« erg (*K)-» 


Faraday constant 
Universal gas constant 

Molar volume at STP 
loschmidt's number 
Atmospheric pressure 

Stcfan-Boitzmann constant 


Noe - (96487.0 ± 0.5) coul mol -1 

R = Wok = 8.314 x 10 7 erg (*K)-i mol-» 
= 1.986 cat (°K)-'mol-' 

= 22.4 x 10 3 cm 3 /mol 
= 2.69 X 10'* cm-* 

= "CO mm Hg =1.01 x 10* dyn/cm 3 

<r - 5.6697 X 10~‘ ergs cm" 1 sec' 1 deg -4 


Mass of electron: 


m = (9.10908 * 0.00013) x 10-» gm 
= (0.511006 ± 0.000002) MeV/c 2 


Atomic mass unit 


F*roton mass: 


Compton wavelength of electron: 
First Bohr radius: 


(amu) = (1.66043 * 0.00002) X 10-“ gm 
= (931.478 = 0.005) MeV/c 3 

M, = (1.67252 - 0.00003) x 10-“ gm 

= (938.256 ± 0.005) MeV/c 3 

*, = = (3.86144 Z: 0.00003) x 10- 17 cm 

me 

ao = a-'* e = (5.29167 - 0.00002) X 10- 9 cm 

me 2 


Nonrelativistic ionization potential of hydrogen 
with infinite proton mass: 


= *n-mc 2 = (13.60535 i 0.00013) eV 


Rydberg constant for infinite proton mass: 

Bohr magneton: fi B = 2 “ 

Frequency associated with 1 eV: 

Wave number associated with 1 eV: 


fi = -JL- = As = (109737.31 ±: 0.01) cm-' 
4-ao he 

= (9.27314 i 0.00021) x 10- 2 ' erg gauss-' 
(2.41804 ± 0.00002) x 10' 4 cycle/sec 
(8065.73 0.08) cm-' 


Temperature associated with 1 eV: 

1 joule 3 10 7 ergs 

1 thermochemical calorie a 4.1640 joules 

-1 0 


(11604 9 ± 0.5) “K 
1 kilocalorie/mole 


E = 8.854 X10 
o 


= 6.94726 X LO -14 ergs/moiecule 
--- 4.33634 X 10-' ev/molecule 

-6 


farad/m ; u = 1.26 *10“ henry/m 


Gravitational constant: (; (6.670 t 0.005) x 10-* dyne cm 3 gm 2 • (G M )/(lhc ) = 5.9 x 10” 

P 


Astronomical unit a = 1.495 X 10 8 km 

Earth: mass = 5.98X 10 24 kg ; equatorial radius = 6378 km 

Mass of sun = 1.99 x 10 30 kg = (1.2 x10 57 )x 


39 
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PRELIMINARY EXAMINATION 


SPRING 1976 


PART I. MECHANICS. 


1) A hypothetical flashlight emits a well-collimated beam and is 
capable of converting a significant fraction of its rest mass into 

light. If the flashlight starts at rest with mass m , and is 
then turned on and allowed to move freely along a straight line, 
find its rest mass m when it reaches a velocity v relative to 
its original rest frame. Do not assume c » v • 

(Highest score 10/10 , Average score 5/l0) 


2) We consider the possibility that one of the recently discovered 
particles, the ^/(3.7), can be produced when a photon collides 
with a proton in the reaction 

y + p -* p + 

In this problem we shall take the mass of the 1 to be 4M^ , 
where Is the proton mass, which is a reasonable approximation. 
The target proton is initially at rest, and the Incident photon 
has the energy E in the lab. system, a) Determine the minimum 

energy E_ that the photon must have for the above reaction to be 

0 2 
possible. The answer can be given in units of Me (= 938 MeV). 

/ ^ f 

b) Determine the velocity, i.e., v/c , for the ^ -particle when 
the photon energy E Is just above the threshold energy E Q . 

(Highest sco re lO/lO , Average score 7/l0) _ 

3) Two small spheres of mass M are suspended between two rigid 

supports as shown in the figure. 


p 

Zwss. 


M K 


M 


—t 4 — a —*4*— 


1 


% 


We assume that both particles 
can move in the plane of the fi¬ 
gure, sideways and up and down. 
The three springs are equal, of 


spring constant K. The springs are under tension: in its unstreched 
condition each spring would be of length a/2. The springs are 
assumed massless, and perfectly elastic. Assuming small oscilla¬ 
tions about the equilibrium configuration shown above, find the 
frequencies for the four normal modes of the system. 

(Highest score 10 /lO , Average score 7/l0) 


4) A cylindrical container of circular cross section, radius R, is 
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30 supported that it can rotate about its vertical axis. It is first 
filled with a liquid of density p (assumed to be incompressible) 
to a level h Q above its flat bottom. The cylinder is then set in 
rotation by angular velocity a) about its axis. The angular velo¬ 
city is kept constant, and we wait for a while until a steady state 
is achieved. It is assumed that the liquid does not overflow, and 
it is also assumed that no portion of the bottom is ”dry. w a) Find 
the equation for the upper surface of the liquid, b) Find an ex¬ 
pression-for the pressure P(z) on the cylindrical surface at a 
height z above the bottom, c) Find an expression for the pressu¬ 
re P Q (z) along the axis at a height z above the bottom, d) Is 
the fluid flow, as viewed by a stationary observer, irrotational? 

The liquid is, of course, subject to the influence of gravity, 

and we assume that the normal atmospheric pressure P prevails in 

& 

the environment. 

_ (Highest score 10/lO , Average score 6/l0) 

5) Consider a self-gravitating slab of fluid matter in hydrostatic 

equilibrium, of total thickness 2h and of infinite lateral extent 
(in the x- and y-directions). The slab is uniform, such that the 
density p(z) is a function of z only, and the matter distribu¬ 
tion is furthermore symmetric about the midplane z = 0. Derive an 
expression for the pressure in this midplane in terms of the quan¬ 
tity h 

o = J'p(z) dz 

0 

Make no assumption about the equation of state. 

_ (Highest score IQ/lO , Average score 4/l0) _ 

6) We consider an Ideal free gyro, i.e., a rotationally symmetric 
rigid body (with principal moments of Inertia 1^ = Ig <1 Ij ) so 
suspended that It can rotate freely about its center of gravity, 
and moving under the influence of no torques. Let <£(t) be the 
instantaneous angular velocity vector, and let L(t) be the In¬ 
stantaneous angular momentum. Let the unit vector u(t) point along 
the symmetry axis of the body (associated with the moment of Iner¬ 
tia Lj). These vectors are vectors in an inertial frame with res¬ 
pect to which the body rotates. Derive expressions for L(t), <a(t), 
and u(t) In terms of the initial values u = u(0) and u = 

(Highest score 10/lO , Average score 4/lQ)_ 
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PRELIMINARY EXAMINATION SPRING 1976 

PART II. ELECTRICITY AND MAGNETISM. 


1) a) On the basis of Maxwell’s equations, and taking into account 
the appropriate boundary conditions for an air-dielectric interface, 
show that the reflecting power of glass of index of refraction n 
for electromagnetic waves at normal incidence is 



= (—) 

\ n+l > 


where ©. 


b) Also show that there is no reflec¬ 
ted wave if the incident lif^it is po¬ 
larized as shown in the figure (i.e., 
with the electric vector in the plane 
of incidence), and if tan(O^) = n , 


is the angle of incidence. You can regard it is well- 
known that Snell's Law holds. 

(Highest score lO/lO , Average score 7/l0)_ 


2) The figure below shows the cross section of an infinitely long 

circular cylinder of radius 3a 
with an infinitely long cylin¬ 
drical hole of radius a displa¬ 
ced so that its center is at a dis¬ 
tance a from the center of the 
big cylinder. The solid part of 
the cylinder carries a current I, 
distributed uniformly over the 
cross section, and out from the 
plane of the paper, a) Find the 

magnetic field at all points on the plane P containing the axes of 
the cylinders, i.e., at all points on the dotted line in the figure, 
b) Determine the magnetic field throughout the hole: it is of a 
particularly simple character. 

(Highest score lO/lO , Average score 6/l0) _ 

3) An iron ring of radius 10 cm, and of cross sectional area 

12 cm 2 , is evenly wound with 1200 turns of insulated wire. There is 
an airgap in the ring, ©f length 1 mm. The permeability of the iron 
is 700 , and is assumed independent of the field: the phenomenon 
of hysteresis is ignored, a) Calculate the magnetic field in the 


P _ _ 



L-P 


( 6 ) 

gap when a current of 1 amp passes through the coil, b) Calculate 
the seIf-induetance of the coil (with this core). 

(Highest score 8/l0 , Average score 6/l0) 


4) The square-box in the drawing 



below represents an unknown linear 
lumped-constant passive network. 
The source of EMF at left is 
assumed to have zero internal 
impedance. 

It is known that if the in¬ 
put EMF e^(t) is a step- 

f or t - 0 

for t > 0 


then the open-circuit (no-load) output voltage e Q (t) is of the 


form 


9 0 (t) = 


for t i 0 


t A (l - exp(-t/T)) for t > 0 


-4 

where the constant x has the value x = 1.2 x 10 sec. 

Find the open-circuit (no-load) output voltage e Q (t) when the 
input is given by 

e^(t) - 4 cos(cot) volts 

where a) corresponds to the frequency 1500 cycles/sec. 


(Highest score lO/lO , Average score 5/lQ) 


5) A small electric dipole, of dipole moment P, and oscillating 
with frequency y , is placed at a height X/fe above an infinite 

perfectly conducting plane, as shown 
in the figure, where A is the wave¬ 
length corresponding to the frequency V. 
The dipole points in the positive 3- 
X/2 direction, which is normal to the plane, 

regarded as the (12)-plane. The size 
of the dipole is assumed very small 
compared with X. Find expressions for 
the electric and magnetic fields, and 
for the flux of energy, at distances r very large compared with 

X, as functions of r and the unit vector n in the direction 
from the origin 0 to the point of obeervation. You are allowed 
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to base your derivation on the well-known fact that the total power 
W radiated by a small dipole in empty space is given by the ex¬ 
pression 4 o 

W = —“—L_ , co = 2uv 

12716 C 3 
o 

(with reference to the MKS-system of units). 

(Highest score 9/l0 , Average score 5/l0) 


6 ) As a model to describe the electrodynamical properties of a 
pulsar we consider a sphere of radius R which rotates like a rigid 
body with angular velocity w about a fixed axis. The charge- and 
current distributions are thus symmetric with respect to this axis 
(and with respect to the normal midplane of the pulsar). The net 
charge of the sphere is zero. In the vacuum outside the pulsar the 
magnetic field is that of a magnetic dipole m , parallel to the 
axis of rotation. The magnetic field in the inside is consistent 
with the outside field, but otherwise arbitrary. 

a) The magnitudes of the electric and magnetic forces on charged 
particles inside the pulsar are very large compared with all other 
forces. Since the charged particles are assumed to share in the ro¬ 
tational motion of the pulsar it follows that, to a good approxima¬ 
tion, E = - vXB , where v = co X r is the local velocity, every- 
where inside the pulsar. Imposing this condition at points just 
inside the surface of the pulsar, show that at such points. 


E e= “ 


m a) sin( 0 ) cos(9) 
2ti R 2 


where Q is the polar angle (with respect to the axis). (If you work 
with cgs-units, replace pL o / 47t by l/c in the above formula). 

Note that no assumption is here made about the conditions which 
might prevail in the thin surface layer of the pulsar: this layer 
may carry considerable charges and currents. 

b) On the basis of the above result, find the electrostatic poten¬ 
tial everywhere outside the sphere. 

c) Show that the eauation E = - (a)Xr)XB does not hold imme- 

* /\> /N J AJ /V 

diately outside the pulsar. 

(Highest score 10/10 , Average score 


5/10) 



PRELIMINARY EXAMINATION 


(a) 


SPRING 1975 

PART III. THERMODYNAMICS AND STATISTICAL PHYSICS. 


1) Compute the difference in entropy between 1 gram of nitrogen 
gas at a temperature of 20°C, and under a pressure of 1 atm, and 
1 gram of liquid nitrogen at a temperature -196°C, which is the 
boiling point of nitrogen, under the same pressure of 1 atm. The la¬ 
tent heat of vaporization of nitrogen is 47.6 cal/gm. Regard nitrogen 
as an ideal gas, with molecular weight 28 , and with a temperature- 
independent molar specific heat at constant pressure, equal to 

7.0 cal mol“^deg“^. 

(Highest score 10/lO , Average score 7/l0 ) _ 

2) The figure below shows an apparatus for the determination of 

0^/0^ for a gas, according to the method of 
Clement and Desormes. A bottle G , of reaso¬ 
nable capacity (say a few liters), is fitted 
with a tap H , and a manometer M. The diffe¬ 
rence in pressure between the inside and the 
outside can thus be determined by observation 
of the difference h in heights of the two 
columns in the manometer. The bottle is 
filled with the gas to be investigated, at a 
very slight excess pressure over the outside 
atmospheric pressure. The bottle is left in 

peace (with the tap closed) until the temperature of the gas in the 
bottle is the same as the outside temperature in the room. Let the 
reading of the manometer be h. . The tap H is then opened for a 
very short time, just sufficient for - the internal pressure to be¬ 
come equal to the atmospheric pressure (in which case the manometer 
reads h = 0). With the tap closed the bottle is left in peace for 
a while, until the inside temperature has become equal to the out¬ 
side temperature. Let the final reading of the manometer be h^. 

From the values of h. and h- it is possible to find C /C . 

x 1 p v 

a) Derive an expression for C^/C^ terms of h^ and h^, in 
the above experiment, b) Suppose that the gas in question is oxygen. 
Wha t is your theoretical prediction for C^/C^ at 20°C ,. within 

the framework of statistical mechanics? 

(Highest score 10/lO , Average score 4/lQ)_ 
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3) Consider a spherical black asteroid (made of rock) which has 
been ejected from the solar system, so that the radiation from the 
sun no longer ho s a significant effect on the temperature of the 
asteroid. Radioactive elements produce heat uniformly insido tiie 
asteroid at a rate of 3x10“* cal gm"" sec*" . The density of the 

-3 -3 

rock is 3,5 gm cm” , and the thermal conductivity is 5x10 

cal deg”"*" cm”'*' sec”^". The radius of the asteroid is 100 km„ Deter¬ 
mine the central temperature T , and the surface temperature T , 

o s 

of the asteroid assuming that a steady state has been achieved. 
(Highest score 10 /l0 , Average score 6/l0) 


4) The graph below shows the equilibrium ratio’ of the number of 



orthohydrogon molecules to the 
number of parahydrogen molecu¬ 
les, as a function of the abso¬ 
lute temperature. The spins 
of the protons are parallel in 
orthohydrogen and antiparallel 
in parahydrogen. a) Exhibit a 
theoretical expression for this 
ratio as a function of the tem¬ 
perature. b) Calculate the 
value of the ratio for 100°K, 
corresponding to the point P 
on the graph. The separation 


of the protons in the hydrogen molecule is 0.7415 A. 

(Highest scor e 9/l0 , Average score 5/lQ) _ 

5) The schematic drawing below shows the experimental setup fer 

_ „ the production of & 

S 0 

well-collimated beam 
of sodium atoms for 
exper. an atomic beam experi- 

° ment. Sodium is present 

in the oven. S, which 

is kept at the temperature 550°K. At this temperature the vapor 

-3 

pressure of sodium is 6 x 10 torr. The sodium atoms emerge 
through a slit in the wall of the oven. The hole is rectangular, 
with dimensions 10 mm x 0.1 mm. The collimator C has a hole of 





identical size and shape, and the sodium atoms which pass through 
C thus constitute the atonic bean under consideration. The atomic 
mass of sodium is 23, The distanco d in the figure is 10 cm. 

а) Compute the number JT of sodium atoms which pass through the 
slit in C per second, b) Derive an expression for the function 
D(v) which describes the distribution of velocities of the partic¬ 
les in the beam in the sense that D(v)dv is the probability that 
an atom passing through C has a velocity in the range (v,v+dv). 
c) The region in which the beam propagates must, of course, be a 
reasonably good vacuum. Estimate (and give answer in torr) ju3t 

how good the vacuum ought to be if the beam is to remain well colli¬ 
mated for at least 1 meter, ( 1 torr ** 1 nmilg ). 

(Highest score 9/l0 , Average score 5/l0) 

б) A white dwarf is a star supported by the pressure of degenerate 
electrons. As a simplified model for such an object, consider a 
sphere of an ideal gas consisting of electrons and completely ioni- 
zed Si , and of constant density throughout the star. (Note that 
the assumption of a constant density is inconsistent with hydrosta¬ 
tic equilibrium, since the pressure is then also constant. The 
assumption that the gas is ideal is also not really tenable. These 
shortcomings of the model are, however, not crucial for the issues 
which we wish to consider.) Let n^ denote the density of the si¬ 
licon ions, and let n = 14 n. denote the electron density. (The 
atomic number of silicon is 14). 

a) Find a relation between the mean kinetic energy E of the elec- 
trons and the density n , assuming that the densities are such 

that the electrons are "extremely relativistic," i.e., such that 
the rest energy is negligible compared with the total energy. 

b) Compute E_ (in MeV) in the case that the (restmass) density 

Q 9 —3 

of the gas equals p = 10 gm cm . Also compute the mean kinetic 

energy Eh of the silicon ions in the central region of the dwarf, 

assuming that the temperature is 10 8 °K and assuming that the 

"ion gas" can be regarded as a Maxwell-Boltzmann gas, and hence 

convince yourself that E » E. . 

e i 

c) If M is the mass of the star, and if R is its radius, then the 
gravitational potential energy is given by 

3 G M 2 
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In tho car-o in which the internal energy is dominated by extre¬ 
mely relativistic electrons (as in part b) above), tho virial thoc 
rem implies that the total internal energy is approximately equal 
to the gravitational potential energy. Assuming equality, and 

assuming that the electrons do not contribute significantly to the 
mass of the star, show that the stellar mass can be expressed in 
terms of fundamental physical constants alone. Evaluate your an¬ 
swer numerically and compare it with the mass of the sun, 2*10 30 kg o 
(It can be shown that this is approximately the maximum possible 
mass of a white dwarf.) 

(Highest score 9/l0 , Average score 4/l0) 


PRELIMINARY EXAMINATION SPRING 1975 

PART IV. QUANTUM PHYSICS. 


1) Consider the situation which arises when a negative muon is 
captured by an aluminum atom (atomic number Z = 13). After the 
muon gets inside the "electron cloud” it forms a hydrogen-like 
muonic atom with the aluminum nucleus. The mass of the muon is 
105.7 MeV. a) Compute the wavelength (in Angstroms) of the photon 
emitted when this muonic atom decays from the 3d-state. (Sliderule 
accuracy; neglect nuclear motion), b) Compute the mean-life of the 
above muonic atom in the 3d-state, taking into account the fact 
that the mean-life of a hydrogen atom in the 3d-state is 1.6 x 10“ 8 

sec * (Highest score 10/10 , Average score 5/10) 

2) Consider the case of four equivalent p-electrons in an atom or 
ion. (Think about these electrons as having the same radial wave 
function, and the same orbital angular momentum % = 1). a) Within 
the framework of the Russell-Saunders (LS) coupling scheme, deter¬ 
mine all possible configurations of the four electrons; label these 
according to the standard spectroscopic notation, and in each case 
indicate the values of L, S, J and the multiplicity, b) Compute 
the Lande g-factor for all of the above states for which J = 2. 

(Highest score 10/l0 , Average score 5/10) _ 

3) Consider the hydrogen-like atom resulting when an aluminum atom 
(Z = 13, A = 27) has been stripped of all but one of its electrons. 
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Compute the effect of the finite size of the nucleus (assumed to 
be a uniformly charged sphere) on the electronic ground state, i.e., 
compute the difference between the ground state energy when the 
nucleus has a physically realistic size and the ground state ener¬ 
gy for a point-nucleus. Express the result: a) in electron volts, 
b) as a fraction of the ionization energy of this atom. 

(Highest score 10/lO , Average score 3/l0) 

4) The study of the scattering of high-energy electrons from nuclei 
has yielded much interesting information about the charge distribu¬ 
tions in nuclei and nucleons. V/e shall here consider a simple ver¬ 
sion of the theory, in which the “electron" is assumed to have 

zero spin. We also assume that the nucleus, of charge eZ , remains 
fixed in space (i.e., its mass is assumed infinite). Let p(x) 
denote the charge density in the nucleus. The charge distribution 
is assumed to be spherically symmetric, but otherwise arbitrary. 

Let f (p. jp^) , where p, is the initial, and p_ is the final 
momentum, be the scattering amplitude in the first Born annroxima - 
tion for the scattering of an electron from a point -nucleus of 
charge eZ. Let f(p. ;p«) be the scattering amplitude, also in the 
first Born approximation, for the scattering of an electron from 
a real nucleus of the same charge. Let q = p, - p^ denote the 
momentum transfer. The quantity F defined by 

f ^Bi ; £f^ = * 0 ( 2i ; £f ) 

is called the form factor: it is easily seen that F in fact de- 

2 

pends on p. and p~ only through the quantity q . 

p 

a) The form factor F(q ) and the Fourier transform of the charge 
density p(x) are related in a very simple manner: state and derive 
this relationship within the framework of the non-re la tivistic 
Schrddinger theory. The assumption that the electrons are"non-rela- 
tivistic" is here made so that the problem will appear as simple 
as possible, but if you think about the matter it will probably be 
clear that the assumption is irrelevant: the same result applies 

in the "relativistic" case of the actual experiments. It is also 
the case that the neglect of the electron spin does not affect the 
essence of what we are here concerned with. 
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03 


b) The graph at right 
shows some experimental 
results pertaining to 
the form factor for the 
proton, and we shall re¬ 
gard our theory as appli¬ 
cable to these data. On 
the basis of the data 
shown, compute the root- 
mean-square (charge) ra¬ 
dius of the proton. Hint: 

Note that there is a sim¬ 
ple relationship between 

o 

the root-mean-square radius and the derivative of F(q r ') with res- 
2 2 

pect to q , at q = 0 . Find this relationship, and then compute 
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I'lO. II.5. Experimental dala on proton form factor 


(Highest score 10/l0 , Average score 4/10 ) _ 

5) The figure at lower left shows a portion of the term scheme of 
a hypothetical atom. The figure at lower right shows the experimen¬ 
tal setup for the study of the two-photon cascade indicated in the 



term scheme. Both transitions are electric dipole transitions, and 
the emitted photons have the wavelengths and Ag. The atoms in 
question are contained in the source S, and the two photons in the 
cascade are observed in the directions n^ and rig with the 
counters (photomultipliers) and Cg. The counters are fitted with 
filters, not shown in the figure, so that counter C 1 only counts 
the photons of wavelength t and C 0 counts only the Ag- photons. 

Perfect polarization filters P 1 and Pg can be placed in 
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front of the counters. Such a filter lets through unhindered a 
photon in some particular state of polarization described by the 
(in general complex) unit vector z , but completely absorbs a 
photon in the opposite state of polarization. The vector z which 
characterizes the filter thus satisfies z.z =1 and n»z = 0 , 

A J Orf Ai 

where n is the unit vector in the direction of propagation. 

The counters can be moved during the course of the experiment, but 
their distances to the source is held fixed. The output from the 
counters is fed into a coincidence circuit, and the objective of 
the experiment is to study the two-photon coincidence rate r as 
a function of the positions of the counters, and of the arrange¬ 
ment of the polarization filters. It can be assumed that the coun¬ 
ters subtend a very small solid angle to the source. It is also 
assumed that the chance coincidence rate is negligible, and that 
there is no significant resonance scattering In the source. 

Suppose now that the coincidence rate is r Q when the counters 
are in opposite directions, I.e., n„ = -n-, , and without the pola- 

r+Ct a*jL "" " r 

rization filters. Assuming that the Intensity of the source re¬ 
mains unchanged: 

a) Derive an expression for the coincidence rate r u (9) as a 
function of the angle 9 between n n and n 0 when the polarization 

<*wi A/ Ct 

filters are absent. 

b) Derive an expression for the coincidence rate r.(ni,z,;n 0 ) 

as a function of the indicated variables when the filter is 

in place, but the filter Pg is absent. 

c) Derive ah expression for the coincidence rate r,„(n ,z-> :n 0 >z 0 ) 
when both polarization filters are in place. 

These problems should preferably be solved through very simple 
and physically transparent rea'soning. It is a good idea to ccnsi- 
sider some special cases first for which the answer Is pretty ob¬ 
vious. If you cannot solve b) and c) for arbitrary n-, and n 2 , 
you might pick up some credit points by disposing of the special 
case n 0 = -n, . 

(Highest score 5/l0 , Average score l/lO)_ 



University of California, Berkeley 
Department of Physics 


Fall, 1975 

PRELIMINARY EXAMINATION 


October 4, 1975 
9:00 - 12:00 noon 


Part I - Mechanics including Special Relativity 
2 4 6 

Data: Earth mass: 6.6x10^ 4 kg, Earth radius: 6.4x10 km, speed of light: 

3.0x10^ m/s g = 9.80 m/s^ 

3 

1. A meteorite of mass 1.6x10 kg^moves about the earth in a circular 
orbit at an altitude of 4.2x10° m above the surface. It suddenly 
makes a head-on collision with another meteorite that is much lighter, 
and loses 2.0% of its kinetic energy without changing its direction 
of motion T or its total mass . 

(a) What physics principles apply to the motion of the heavy meteorite 
after its collision? 

(b) Describe the shape of the meteorite's orbit after the collision. 

(c) Find the meteorite's distance of closest approach to the earth 
after the collision. 

2. Two rigid massless rods of length L are suspended from hooks at the 
same level, separated by the distance d. At the end of one rod there 
is a small object of mass M^, while at the end of the other rod there 
is a small object of mass M^. The two objects are linked by a massless 
spring of unextended length a and force constant k. Find the frequencies 
of small oscillation for this system, if the motion of the objects is 
confined to the vertical plane passing through the two hooks. 

3. A point source of monochromatic light emits radiation of frequency f. 

An observer moves at constant speed v along a straight line that passes 
at a distance d from the source. 

(a) Derive an expression for the observed frequency as function of 
the distance x from the point of closest approach. 

(b) Sketch an approximate graph of your answer to (a) for the case 
of v/c = 0.80. 

4. A sphere of mass M and radius R rolls without slipping down a triangular 
block of mass m that is free to move on a frictionless horizontal 
surface, as shown in the diagram. 

(a) Find the Lagrangian and state Lagrange's equations for this 
system subject to the force of gravity at the surface of the 
earth. 

(b) Find the motion of the system by integrating Langrange's equation, 
given that all objects are initially at rest and the sphere's 
center is at the distance H above the surface. 
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5. 


Rigid body motion is sometimes described in terms of space-fixed 
coordinate axes, sometimes in terms of body-fixed coordinate axes. 

The Eulerian angles 9, 0, and ip relate the orientation of the two 
axis systems. 

(a) Express the kinetic energy of a "symmetric top" rigid body in 
terms of the components of the angular velocity vector relative 
to space-fixed axes. 

(b) Express the kinetic energy of a "symmetric top" rigid body in 
terms of the components of the- angular velocity vector relative 
to the principal axes. 

(c) Use a diagram and brief explanation to define the Eulerian angles 
in terms of space-fixed and body-fixed coordinate systems. 

(d) Express the rotational kinetic energy of a "symmetric top" rigid 
body in terms of the principal moments of inertia, the Eulerian 
angles, and their time derivatives. 

(10) 6. A horizontal frictionless table inscribed with a Cartesian coordinate 

grid rotates counterclockwise (seen from above) with angular velocity 
to about a vertical axis through the origin. A particle attached to 
the origin by a spring of force constant k glides on the table after 
being released at the point (x , 0) with velocity (v,0) relative to 
the table. 

(a) Find the equations of motion for the particle’s position x(t) 
and y(t) relative to the inscribed grid. 

(b) Identify the physical interpretations of the terms in the 
equations in (a). 

(10) 7. A K-meson of rest energy 494 MeV decays into a y-meson of rest 

energy 106 MeV and a neutrino of zero rest energy. Find the kinetic 
energies of the y-meson and neutrino into which the K-meson decays 
while at rest. 
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Part II - Electricity and Magnetism, including Optics 
Table of constants 


Speed of light 

= 

2. 99793 x 10^ meters/second 

Electronic charge 

e = 

1. 602 x 10"19 Coulombs 

Proton rest mass 

M = 

1. 672 x 10"27 kilograms 

Proton electron mass ratio 

M/m 

= 1836.12 

Permittivity of vacuum 

s 0 = 

8. 854 x 10" 12 farad/meter 

Permeability of vacuum 

M-0 = 

4tt x 10 - 7 henry/meter 


(10 points) 1. In one or two short paragraphs, describe the conditions under which 
an observed might or might not be able to directly sense interference 
effects created by separated independent pairs of light or sound 
generators. 

(20 points) 2. A cylindrical conducting rod of diameter, d, and length l > > d is 
uniformly charged in vacuum such that the electric field near its 
surface and far from its ends is Eg. What is the electric field at 
#> > 4 on the axis of the cylinder? 

(15 points) 3. (It is impossible to increase the apparent brightness of an extended 
[large solid angle] diffuse light source with lenses. This problem 
illustrates that fact for a single lens. ) A light source of brightness, 
S, subtends a solid angle that is larger than the acceptance solid 
angle, Q , of a telescope that observes it. The source emits S 
units of optical energy per unit area per unit solid angle per second, 
isotropically. The objective lens of the telescope has area. A, 
and is a thin lens. 

(5 points) (a) Show that the energy entering the telescope per second is SQA . 

(5 points) (b) Show that the product of the area of the image formed by the 

objective lens and the solid angle subtended by the objective 
lens at the image is QA. 

(5 points) (c) Explain why the above results show that the apparent brightness 
of the extended source is not changed by the objective lens of 
the telescope. 
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(15 points) 4. 

(5 points) 

(10 points) 
(15 points) 5. 


(10 points) 6. 


A plane polarized electromagnetic wave of frequency v = 1 mega¬ 
hertz, is normally incident on a copper plate whose conductivity 
is a = 5. 80 x 10? mho/meter. 

(a) Estimate the penetration depth of the wave into the copper 
to within a factor of three or so. 

(b) Derive an analytical expression for this depth. 

A 100 gram aluminum ring is placed on a wooden table above a 
solenoid that is connected to a 1000 Hertz ac power supply through 
a switch. When the switch is closed the ring jumps about 30 centi¬ 
meters off the table. Explain why this happens. Verify that your 
explanation is consistent with-the.time scale of the phenomenon. 

Set up but do not solve the equations necessary for your explanation. 



The uniformly distributed charge per unit length in an infinite ion 
beam of constant circular cross section is q. Calculate, the force" 
on a single beam ion that is located at radius, r, assuming that the 
beam radius, R, is greater than r and that the ions all have the same 
velocity, v. 
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(10 points) 7. 


(15 points) 8. 

(5 points) 

(5 points) 

(5 points) 


Suppose the input voltages V,, V 2 , and Vg in the circuit below 
can assume values of either 0 or 1 (0 means ground). There are 
thus 8 possible combinations of input voltages. Compute V OU (; for 
each of these possibilities. 



The Earth's atmosphere is an electrical conductor because it contains 
free charge carriers that are produced by cosmic ray ionization. 
Given that this free charge density is constant in space and time and 
is independent of horizontal position; 

(a) Set up the equations and boundary conditions for computing the 
atmospheric electric field^as a function of altitude if the near¬ 
surface field is constant in time and vertical, has no horizontal 
variation, and has a magnitude of 100 volts/meter. You may 
assume that the surface of the Earth is perfectly flat if you wish. 

(b) Estimate the altitude dependence of the conductivity-. 

(c) Solve the equations of part (a) above. 
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Constants: 


Part III— Heat, Thermodynamics, 

R = 8.31 x 10 3 J kmole -4 
= .082 liter atm-, mole K 
= 1.99 cal mole K~ 

k = 1.38 x 10 ~ 23 J K " 1 

N = 6.02 x 10 23 atoms mole 
o 


and Statistical Physics . 

a = 5.67 x 10 " 8 W m 2 K ' 4 

h = 6.63 x 10 ~ 34 J Hz -1 

m = 9.11 x 10" 31 kg 
e 

1 cal = 4.18 J 


15pts 


12 pts 


1. Obtain the temperature of each system: 

22 

a) 6.0 x 10 atoms of helium gas occupy 2.0 liters at atmospheric pressure. 
What is the temperature of the gas? 


b) A system of particles obeying Maxwell- 
Boltsmann statistics are in thermal 
contact with a heat reservoir at 
temperature T. If the population 
distribution in the non-degenerate 
energy levels is as shown, what 
is the temperature of the system? 


Single Part. Levels 
Energy(e.v. ) Population 


30 . 1 xl 0~ 3 

3.1 f 

21.5x10 3 

$.5% 

12 . 9 x 10 J 

23% 

4 . 3 x 10 3 

63% 


c) In a cryogenic experiment, heat is supplied to a sample at the constant 
rate of .01 watts. The entropy of the sample increases with time as 
shown in the Table. What is the temperature of the sample at 
t = 500 sec.? 


Time: 100 200 300 400 500 600 700 seconds 

Entropy: 2.30 2.65 2.85 3-00 3.11 3-20 3.28 Joules K 


2. A beam of molecules is often produced by letting gas escape into a vacuum 
through a very small hole in the side of the container confining the gas. 
The total intensity of the beam is defined as the number of molecules 
escaping from the hole per unit time. Find the change in total intensity 
of the beam if: 


a) The area of the hole is increased by a factor of 4. 

b) The absolute temperature is increased by a factor of 4, the pressure 
being maintained constant. 

c) The pressure in the container is increased by a factor of 4, the 
temperature remaining constant. 

d) At the original temperature and pressure, a gas of 4 times the 
molecular weight of the original gas is used. 


15pts 3 . Compute the theoretical minimum amount of mechanical work needed to freeze 
1 kilogram of water, if the water and surroundings are initially at a 
temperature T = 25° C. The surroundings comprise the only large heat 
reservoir available. 

-l -1 -1 o 

L_ . =80 cal gm L = 540 cal gm 0^=1 cal gm C 

fusion & vapor. P 



- 2 - 


18pts 


4. N weakly coupled particles, obeying Maxwe11-Bolt zmann statistics, may each 
exist in one of 3 non-degenerate energy levels of energy -E, 0, +E. 'The 
system is in contact with a thermal reservoir at temperature T. 

a) What is the entropy of the system at T = 0°K? 

b ) What is the maximum possible entropy of the system? 

c) What is the minimum possible energy of the system? 

d) What is the partition function of the system? 

e) What is the most probable energy of the system? 

f) If C(T) is the heat capacity of the system, what is the value of 

'C(T) dT _ „ 

, T 

0 


/' 


15pts 5. The vapor pressure, in mm of Hg., of "solid ammonia is given by the relation: 

In P = 23.03 - 3754/T where T = absolute temperature. 

The vapor pressure, in mm of Hg., of liquid ammonia is given by the relation: 
In P = 19.49 - 3063/T 

a) What is the temperature of the triple point? 

b) Compute the latent heat of vaporization (boiling) at the triple point. 
Express your answer in cal/mole. (You may approximate the behavior of 
the vapor by treating it as an ideal gas, and may use the fact that the 
density of the vapor is negligibly small compared to that of the liquid.) 

c ) The latent heat of sublimation at the triple point is 7508 cal/mole. 

’What is the latent heat of melting at the triple point? 


15pts 6. In a perfect gas of electrons, the mean number of particles occupying a 
single-particle quantum state of energy E. is: 


N. = 
1 


2, - y)A t 


+ 1 


a) 

b) 

c) 


Obtain a formula which could be used to determine u in terms of the 
particle density n and various constants. 

Show that the expression above reduces to the Maxwell-Boltzmann distribution 
in the limit nA^ « 1, where A is the thermal deBroglie wavelength. 

■,o T; 


Sketch N. versus E. for T = Q^K and for T = y/5k. 
points along both axes. 


Label significant 


lOpts 7. Electromagnetic radiation following the Planck distribution fills a cavity of 
volume V. Initially on is the frequency of the maximum of the curve 

u.(o)) dco where u(co) is the energy density per unit angular frequency. If the 

volume is expanded quasistatically to 2V, what is the final peak frequency 
of the u.(oj) dm distribution curve? The expansion is adiabatic. 
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c = 3.00 x 10^ cm sec 
electron mass = 9.11 x 

OO 

f -x 2 + ikx /— 

-Loo e = e 


_i _?7 -10 

; ft = 1.05 x 10 erg sec; e = 4.80 x 10 esu; 

-28 2 ”24 

10 gm = 0.511 Mev/c ; proton mass = 1.67 x 10 “ gm. 

-k 2 /4. 


(12 Pts.) 1. Derive, estimate, guess or remember numerical values 
for the following, to within one order of magnitude. 

(a) The electron Compton wavelength. 

(b) The electron Thomson cross section. 

(c) The Bohr radius of hydrogen. 

(d) The ionization potential for atomic hydrogen. 

(e) The hyperfine splitting of the ground state energy level in 


(15 Pts.) 2. 
(5 Pts.) 

(10 Pts.) 


atomic hydrogen. 

(f) The magnetic dipole moment of a 3 Li 7 (Z=3) nucleus. 

(g) The proton-neutron mass difference. 

(h) The lifetime of a free neutron. 

(i) The binding energy of a helium-4 nucleus. 

(j) The radius of the largest stable nucleus. 

(k) The lifetime of air 0 meson. 

(l) The lifetime of a y meson. 

\jj (x,t) is a solution of Schrodingers equation for a ? 2 

-x"/a 

free particle of mass m in one dimension, w (x,0) - Ae 

(a) At time t = 0 find the probability amplitude in momentum 

space. 

(b) Find $ (x,t). 
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(5 Pts.) 3. 


Express e 



as a 2 x 2 matrix; 


a is a positive constant. 


(15 Pts.) 4. 


(23 Pts. 5. 

(3 Pts.) 

(5 Pts.) 

(5 Pts.) 


(5 Pts.) 

(5 Pts.) 

(15 Pts.) 6. 
(5 Pts.) 7. 
(5 Pts.) 8. 
(5 Pts.) 9. 


Use Born approximation to find, up to a multiplicative 

constant, the differential scattering cross section 

for a particle of mass m moving in a repulsive potential 

2 / 2 
-r /a 

V = A e 

A particle of mass m, charge e, and spin zero moves 

2 2 2 ... 

in an attractive potential k (x +y +z ). Neglect relativistic 
effects. 

(a) Find the three lowest energy levels E , E^, E^; in each 
case state the degeneracy. 

(b) Suppose the particle is perturbed by a small, constant 
magnetic field of magnitude B in the z direction. Considering 
only states with unperturbed energy E ? , find the perturbations 
to the energy. 

(c) Suppose a small perturbing potential A x cos ait cause 
transitions among the various states in (a). Using a 
convenient basis for degenerage states, specify in detail 
the allowed transitions, neglecting effects proportional to 
4 2 

or higher powers of A. 

(d) In (c), suppose the particle is in the ground state at 

time t = 0. Find the probability the energy is at time t. 

(e) For the unperturbed Hamiltonian, what are the constants 
of the motion? 

Discuss and compute the Stark effect for the ground 
state of hydrogen atom. 

What is the ground state configuration of potassium 
(atomic number 19). 

Write the Schrodinger equation for atomic helium, 
treating the nucleus as an infinitely heavy point charge. 
Sketch the energy level diagram for a helium atom 
in the ls3d configuration, taking into account Coulomb 
interaction and spin-orbit coupling. 
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(16 Pts.) 1. Calculate the ratio of the mean densities of the earth and the 
sun from the following approximate data: 

6 = angular diameter of sun seen from the earth = 1/2°. 
t ■ Length of 1° of latitude on earth's surface = 100 km. 

t =5 One year = 3 x 10^ s 

in -2 
g = 10 m s 

(16 Pts.) 2. Imagine the C0 o molecule as two equal point masses M joined 

along a straight line to a central point mass m by two massless 
springs with the same spring constant k, (see figure) 



(a) Describe the degrees of freedom of this system. 

(b) Sketch the normal modes of this system. 

(c) Calculate the frequency of these modes of vibration 
in which the motion is confined to the straight line 
joining the masses, 

(17 Pts,) 3, Two weightless rings slide on a smooth circular loop of wire 

whose axis lies in a horizontal plane, A smooth string passes 
through the rings which carries weights at the two ends, and at 
a point between the rings. If there is equilbrium when the rings 
are at points distant 30° from the highest point of the circle, 
find the relation between the three weights. 
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(17 Pts.) 4. What are the magnitudes and directions of the deflections 
caused by the earth's rotation toi 

(a] The bob of a plumb--line hung from the top to the 
bottom of the Sather Tower (Campanile]. 

(b) The point of impact of a body dropped from the top? 

Assume Berkeley is situated at 6° north latitude 
and that the tower is L meters tall. 

Give numerical values for (a) and (b) based on your 
estimates of L and 9. 

(17 Pts.) 5. A simple symmetrical top 

consists of a disk of mass 
M and radius r mounted 
on the center of a massless 
cylindrical rod of length 1 and 
radius a. The top is rotated 
with large angular velocity 
0 ) and is placed at an angle 
9 to the vertical on a hori¬ 
zontal surface with a small coefficient of friction y. 
Neglecting nutation and assuming that the rate of slowing of 
co(t) is small in one period of precession: 

(a) Describe the entire subsequent motion of the top. 

(b) Compute the angular frequency of the (slow) precession. 

(c) Estimate the time required before the axis of the 
top is vertical. 

(17 Pts.) 6. Of particular interest in particle physics at present are the 
weak interactions at high energy. These can be investigated 
by studying high energy neutrino interactions. One can produce 
neutrino beams by letting pi and K mesons decay in flight 
Suppose a 200 GeV/c pi-meson beam is used to produce neutrinos 
via the decay tt -»■ y + V. The lifetime of pi-mesons is 
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„8 

± ° 2.60 x 10 sac CLn the rest frame of the pion), 
and its rest energy is 139.6 MeV. The rest energy of the muon 
is 105,7 MeV, and the neutrino is massless, 

(a) Calculate the mean distance traveled by the pions before they 
decay. 

(b) Calculate the maximum angle of the muons (relative to the pion 
direction) in the lab. 

(c) Calculate the minimum and maximum momenta the neutrinos can have. 
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(IQ Pts.) 1, Estimate the number of distinct standing light waves which 

can exist between frequencies 1.0 x ICT^ hZ and 1.2 x 10 Xj hZ 

3 

in a cavity of volume 1 cm . 

( 8 Pts,) 2. The headlights of a car are 1,3 m apart. The pupil of the 
eye has a diameter of 4 mm. The mean wavelength of light 
is A = 5,500 A, Estimate the distance at which the headlights 
can just be resolved, 

(12 Pts.) 3, A plane, linearly polarized electromagnetic wave of frequency 
oi, intensity I q Is scattered by a free electron. Starting 
with a general formula for the rate of radiation of an acce¬ 
lerated charge, derive the differential cross-section for scat¬ 
tering In the non-relativistic limit (Thompson scattering). 

Discuss the angular distribution and polarization of the 
scattered radiation. 

(15 Pts.) 4, Two plane-parallel electrodes are located at x = 0 and x = t, 
at potentials cf> = 0, => cj) >0 respectively. 

Electrons are emitted from electrode x = 0 with negligible 
initial velocity. What is the maximum steady current (space- 
charge-limited) that can flow to the positive electrode? 

(15 Pts,) 5. Consider a spherical volume of radius R within which it is 
desired to have a uniform magnetic field B, What current 

distribution on the surface of the sphere is required to generate 

this field? 
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(15 Pts.) 6. A relativistic charge e of mass m has initial velocity 

v in the x direction. Describe its motion in a 
o 

uniform static electric field in the y direction. 

2 7 

(10 Pts.) 7. Show that E -B“ and E*B are invariant under a 
Lorentz transformation. 

(15 Pts.) 8. A circuit contains a ring solenoid (torus) of 20 cm radius, 

2 4 

5 cm cross-section and 10 turns. It encloses iron 
of permeability 1000 and has a resistance of 10ft. Find 
the time for the current to decay to e ^ of its initial 
value if the circuit is abruptly shorted. 
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(15 Pts.) 


(10 Pts.) 


(15 Pts.) 


EXAMINATION 

Part III— Heat, Thermodynamics, and Statistical Physics, 

C 


April 10, 1976 
9:00 - 12:00 noon 


1. A mixture of 0.1 mole of helium (y= 


- i> 


with 0.2 mole of nitrogen (y = j), considered an ideal 
mixture of two ideal gases, is initially at 300°K and 
occupies 4 liters. Show that the changes of temperature 
and pressure of the system which occur when the gas is 
compressed slowly and adiabatically can be described in 
terms of some intermediate value of y. Calculate the 
magnitude of these changes when the volume is reduced by 
1 %. 

2. Determine the ratio (pV/RT) at the critical point for 

a gas which obeys the equation of state (Dieter ici's 
equation), 

p (V-b)=RT e ~ [rTVJ 

Give the numerical answer accurately to two significant 
figures. 

3. The potential energy V between the two atoms (m^ = 1.672 x 10 
in a hydrogen molecule is given by the empirical expression 


-24 


g) 


V = D 


{ 


-2a(r-r ) 
e o 


„ -a(r-r ) 
—2 e o 


3 


where r is the distance between the atoms, 

D = 7 x 10 ^ erg 

o i ”1 

a = 2 x 10 cm 

-9 

r * 8 x 10 cm. 
o 

Estimate the temperatures at which rotation (T ) and 

R 

vibration (Ty) begin to contribute to the specific heat 

of hydrogen gas. Give the approximate values of C and C 
f v- p 

y:he molar specific heats at constant volume and at constant 
pressure) for the following temperatures 
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T l i 25°K T 2 * 250°K 


T 3 - 2500°K 


T, =* 1000Q°K 
4 


Neglect ionization and dissociation. 

(10 Pts.) 4. By treating radiation in a cavity as a gas of photons whose 

energy e and momentum k are related by the expression £ = ck, 
where c is the velocity of light, show that the pressure 
£_ exerted on the walls of the cavity is one-third of the energy 
density. 

With the above result prove that when radiation contained in 
a vessel with perfectly reflecting walls is compressed 
adiabatically it obeys the equation 

y 

pV = constant. 

Determine the value of y, 

(20 Pts.) 5. A piece of metal can be considered a reservoir of electrons; 

the work function (energy to remove an electron from the 
metal) is 4 eV. Considering only the Is orbital (which can 
be occupied by zero, one, or two electrons) and knowing that 
the hydrogen atom has an ioiazation energy of 13.6 eV and an 
electron affinity of 0.6 eV, determine for atomic hydrogen in 
chemical equilibrum at T = 300°K in the vicinity of a metal the 
probabilities of finding H + , H° and H . Give only one signifi¬ 
cant figure. 

What value of the work function would give equal probabilities 
to H° and H ? 
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0.5 Pts.J 6, At what particle density does a gas of free electrons 
(considered at T = 0) have enough one-paricle kinetic 
energy (Fermi energy) to permit the reaction 

proton + electron + 0.8 MeV -*■ neutron 

to proceed from left to right? Using the result above 
estimate the minimum mass density of a neutron star. 


(15 Pts.) 7. The high temperature behavior of iron can be summarized 
as follows: 

(a) below 900°C and above 1400°C a-iron is the 
stable phase; 

(b) between these temperatures y-iron is stable; 

(c) the specific heat of each phase may be taken as 



What is the latent heat at each transition? 
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PART IV -QUANTUM PHYSICS 

1. Please indicate brief ly in (one sentence) what contributions to Physics are 
associated with the following pairs of names. (Where applicable write an 
appropriate equation. 

(20 Pts.) (a) Franck-Hertz 

(b) Davisson-Germer 

(c) Breit-Wigner 

(d) Hartree-Fock 

(e) Lee-Yang 

(f) duLong-Petit 

(g) Cockroft-Walton 

(h) Kahn-Strassmann 

(i) Ramsauer-Townsend 

(j) Thomas^-Fermi 

(15 Pts.) 2. Consider a proton moving through interstellar space filled with 
black body radiation characterized by temperature T = 2.8°K in 
the local galactic rest frame. Estimate the proton momentum in 
this frame such that its collision with an average energy photon 
can create an electron-positron pair. 

(20 Pts.) 3. Positronium a hydrogen-like system consisting of a positron and 
an electron. 

Consider positronium in its ground state (£=0). The Hamiltonian, 

H can be written: H=H + H + H_, where H is the usual spin in- 
’ o s B o ^ y 

dependent part due to the Coulomb forces, H s = A is 

the part due to the interaction of the spins of the positron and 

—y —y —y 

the electron, and = -(p + U e )*D is the part due to 

the interaction with an externally applied magnetic field. 
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(a) In the absence of an externally applied field what choice of spin 
and angular -momentum eigenfuctions is most convenient? Calculate 
the energy shifts for each of these states due to H . 

Cb) A very weak magnetic field is applied (H^ << S g ). What are the 
allowed energies for this system in this case? 

Cc) Now suppose the applied magnetic field is increased, such that 
Hg »H . What kind of ^eigenfunctions are now most appropriate? 
What are the energy shifts for each of these states due to H 2 

D 

(d) Indicate how you would solve this problem for the energies 

and the corresponding eigenfuctions in the general case; how¬ 
ever, do not try to carry out the algebra unless you have 
nothing better to do. No long essays, please. 

(15 Pts.) 4. Assume that the same basic weak interaction is responsible for the beta 

beta decay processes: n-*- p e v and Z Ae v, and that the matrix 

elements describing these decays are the same. Estimate the decay rate 

of the process Z -►Ae v given that the lifetime of a free neutron is 
3 

about 10 seconds. 


Given: 


m 


n 


= 939.57 Mev/ 


*E 


- 1197.35 Mev/ 


m = 938.28 Mev/ 


m. = 1116.058 Mev/ 

A C Z 


m =0.51 Mev/ 


m 


= 0 


A beam of particles of spin H/2 is sent through a Stem-Gerlac'n 
apparatus, which divides the incident beam into two spatically 
separated components depending on the quantum numbers m s of 
the particles. One of the resulting beams is removed and the 


(15 Pts.) 5. 
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other beam is sent through another similar apparatus, the 
magnetic field of which has an inclination a with respect to 
that of the first apparatus. What are the relative number of 
particles that appear in the two beams leaving the second apparatus 
Derive the result using the Pauli spin formalism. 


(15 Pts.) 6. Two identical bosons, each of mass m, move in the one-dimentsional 

1 2 2 

harmonic oscillator potential V = y mo x . They also interact 
with each other via the potential 


int 


(x 1 , x 2 ) = 


e (x r x 2 )' 


where 3 


is a positive parameter. Compute the ground state energy of the 
system to first order in the interaction stength parameter a 
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(10 Pts.) 


(15 Pts.) 


SEPTEMBER 24, 1976 

EXAMINATION 9:00 - 12:00 Noon 

Part I - Mechanics and Special Relativity 

1. (a) Given that (ct, r) is a relativistic 4- 

vector, justify the statement that (to, c k) 
is a relativistic 4-vector. 

(b) Given that an atom at rest emits light of angular 
frequency too , and that this atom is traveling 
at velocity v either directly towards or away 
from an observer, use the Lorentz transformation to 
derive a formula for the frequency observed by 
the observer for the two cases (towards or away from). 

2. Twin paradox . 

Each twin's heart beats once per second, and each twin 

broadcasts a radio pulse at each heartbeat. The stay- 

at-home remains at rest in an inertial frame. The traveler 

starts at rest at time zero, very rapidly accelerates 

up to velocity v (within less than a heartbeat, and without 

perturbing his heart!) The traveler travels for time 

ti by his clock, all the while sending out pulses, 

and receiving pulses from home. Then at time ti he 

suddenly reverses his velocity and arrives back home at 

time 2ti. How many pulses did he send out altogether? How many 

pulses did he receive during the outgoing trip? 

How many did he recieve on the ingoing half of his trip? 

What is the ratio of total pulses received and sent? 

Next consider the stay at home. He sends pulses during 
the entire trip of the traveler. He receives pulses from 
the traveler. From time zero to tj (by his clock) he 

receives Doppler-frequency-lowered pulses. At time t? 
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he starts receiving Doppler-raised-frequency pulses. 

Let t 3 be the time interval from time t 2 til the end 
of the trip. How many pulses does he receive during 
interval tj? During t 3 , what is the ratio between 
these? What is the ratio of the total number of 
pulses he sends and the total he receives? 

Compare this result with the analogous result for 
the traveler. 

(15 Pts.) 3. Given a classical model of a Tritium atom, with a 

nucleus of charge +1 and a single electron in a 
circular orbit of radius r<>. Suddenly the nucleus 
emits a negatron and changes to charge +2. (The 
emitted negatron escapes rapidly and we forget 
about it.) The electron in orbit suddenly has a new 
situation. 

(a) Find the ratio of the electron's energy after to 
before (taking the zero of energy, as usual, to 
be for zero kinetic energy at infinite distance). 

(b) Describe qualitatively the new orbit. 

(c) Find the distance of closest and of farthest approach 
for the new orbit, in units of ro. 

(d) Find the major and minor axes of the new elliptical 
orbit, in terms of r 0 . 


(10 Pts.) 


4. Given that an earth satellite near the earth's surface 
takes about 90 min per revolution, and that a moon 
satellite (of our moon, i.e., a space ship orbiting 
our moon) takes also about 90 min per revolution, 
what interesting statement can you derive about the 
moon's composition? 
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(15 Pts. 


Fall 1976 Preliminary Exam 


Page 3 


5. Given that the angular diameter of the moon and that 
of the sun are nearly equal and that the tides 
raised by the moon are about twice as high as those 
raised by the sun, what statement can you derive 
about the relative densities of the sun and 

moon. 

6. Given that the moment of inertia of a cube, about 
an axis that passes through the c.m. and the center 
of one face, is Io. Find the moment of inertia 
about an axis through the c.m. and one corner of 
the cube. 

7. Four masses all of value m lie in the xy plane at 
positions (x,y) = (a,0), (-a,0), (0,-2a). These 

i 

are joined by massless rods to form a rigid body. 

(a) Find the inertial tensor, using the x,y,z axis 
as reference system. Exhibit the tensor as a 
matrix. 

(b) Consider a direction given by unit vector n 

that lies "equally between" the positive x,y, and 
z axes, i.e., makes equal angles with these three 
directions. Find the moment of inertiae for 
rotation about this axis. 

(c) Given that at a certain instant the angular velocity 
vector oj lies along the above direction n, 

find, at that instant, the angle between the angular 
momentum vector and n. 
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(15 Pts.) 8. Two unequal masses, M and m (M > m) hang from a 

support by strings of equal length SL. The masses 
are coupled by a spring of spring constant K, 
and of unstretched length equal to the distance between 
the support points. Find the normal mode frequencies 
for small oscillations along the line between 
the two masses. Give the relation between the motion of 
M and that of m in each mode. Write down the most 
general solution. Now specialize for the case where at t=0, 
m is at rest at its equilibrium position, and M is 
released from rest with an initial positive displacement. 

If the total energy of the system is E 0 , and the 
spring is very weak, find the maximum energy acquired 
by m during the subsequent motion, for the case M/m = 2. 
(Where did you use the assumption that the spring 
is weak?) 
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Part II - Electricity and Magnetism, 
including optics. 

Table of Constants. 

Speed of light in Vacuum c = 2.99793 x 10 8 meters/sec. 

Electronic charge e = 1.602 x 10 19 Coulombs 

Permittivity of Vacuum e 0 = 8.854 x 10" 12 Farads/meter 

Permeability of Vacuum Uo= 4rr x 10 -7 henry/meter 


SEPTEMBER 24, 1976 
1:15 to 4:15 P.M. 
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(10 Pts.) 1. An air filled, capacitor is made from 

2 concentric metal cylinders. The outer 
cylinder has a radius of 1 cm. 

(a) What choice of radius for the inner 
conductor will allow a maximum potential 
difference between conductors before 
breakdown of the air dielectric? 

(b) What choice of radius for the inner 
conductor will allow a maximum energy 
to be stored in the capacitor before 
breakdown of the air dielectric? 

(c) Calculate the maximum potentials for 
cases (a) and (b) for a breakdown 
field in air of 3 x 10 6 V/ra. 

(10~Pts.) 2. Two conductors are embeded in a material of 

conductivity 10 -1> mho/m and dielectric 
constant e = 80eo. The resistance between 
the two is measured to be 10 s ohms. Derive 
an equation for the capacitance between the two 
conductors and calculate its value. 

(10 Pts.) 3. The question is on page 3. 


i 

1 
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Show that for a given frequency the circuit 
on the left can be made to "fake” the circuit 
on the right to any desired accuracy by an 
appropriate choice of R and C. ("Fake" means 
that if V 0 = IZ R in one circuit and V 0 = IZ^ 
in the other, than Z. can be chosen such that 
Z L /Z R = e 1 with 0 arbitrarily small.) Calculate 
values of R and C that would fake a mutual 
inductance M = ImH at 200 Hz with 0 < .01. 

(15 Pts.) 4. A Fesnel zone plate is made by dividing a 

photographic image into 5 separate zones. 

The first zone consists of an opaque circular 
disc of radius rj. The second is a concentric 
transparent ring from rj to Ti followed by an 
opaque ring from r 2 to ra, a second transparent 
ring from r 3 to r 4 and a final zone from r 4 
to infinity that is black. The radii ri to r 4 
are in the ratio ri :r 2 :r 3 :r 4 = 1:V2:V3 :VT. 

The zone plate is placed in the x-y plane 
and illuminated by plane monochromatic light 
waves of wavelength 5,000 A. The most intense 
spot of light behind the plate is seen on the 
axis of the zone plate 1 meter behind it. 

(a) What is the radius ri ? 

(b) What is the intensity at that spot in terms of 
the intensity of the incident wave? 

(c) Where can you expect to find the intensity 
maxima on the axis? 
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(10 Pts.) 5. A uniformly magnetized iron sphere of radius 

R is suspended from the ceiling of a large 
evacuated metal chamber by an insulating 
thread. The north pole of the magnet is up 
and south pole is down. The sphere is charged 
to a potential of 3,000 Volts relative to the 
walls of the chamber. 

(a) Does this static system have angular 
momentum? 

(b) Electrons are injected radially into the 
chamber along a polar axis and partially 
neutralize the charge on the sphere. What 
happens to the sphere? 

(15 Pts.) 6. Let a particle of charge q and rest mass m 

be released with zero initial velocity in a 
region of space containing an electric field E 
in the x direction and a magnetic field B in the 
y direction. 

(a) Describe the conditions necessary for 
the existence of a Lorentz frame in which 
(i) E * 0 and (ii) B = 0. 

(b) Describe the motion that would ensue in 
the original frame if case (a)(i) attains. 

(c) Solve for the momentum as a function of 
time in the frame with B = 0 for case 
(a)(ii). 
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(15 Pts.) 7. A slowly varying magnetic field, B = Bo coswt, 

in the y direction induces eddy currents in a 
slab of material occupying the half plane z > 0. 

The slab has permeability y and conductivity o. 
Starting from the Maxwell equations, determine 
the attenuation of the eddy currents with depth 
into the slab and the phase relation between the 
currents and the inducing field. 

(15 Pts.) 8. A plane electromagnetic wave of angular frequency 

co is incident normally on a slab of non absorbing 

material. The surface lies in the x,y plane. The 

material is anisotropic with e = n z e 0 ; £ = n z c 0 , 

xx x yy y 

£ = n 2 e 0 , £ = £ = £ =0, and n i n . 

zz 2 ’ xy xz yz x y 

(a) If the incident plane wave is linearly polarized 
with its electric field at 45° to the x and y 
axis, what will be the state of polarization 

of the reflected wave for an infinitely thick 
slab? 

(b) For a slab of thickness d, derive an equation 
for the relative amplitude and phase of the 
transmitted electric field vectors for polar¬ 
ization in the x and y direction. 
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Department of Physics 


FALL, 1976 

PRELIMINARY EXAMINATION 

Part III - Thermal and Statistical Physics 

Light velocity in vacuum: 

Reduced Planck Constant: 

Boltzmann Constant: 

Avagadro Number: 

Latent Heat of Evaporation 
for liquid Helium: 

Proton Mass: 

Electron Mass: 

1 eV = 1.6 x 10 12 ergs. 

Diameter of Helium Atom: 

00 2 -x 2 , , r~ 

x e dx = ' 4 V tt 

Density of helium gas at 0°C and 760 mm. of Hg = 2.7 x 10 19 atoms/cm. 3 

» 2 
x 4 e X dx = 

Energies of Rotational States of = 69 J(J+1) cm * 

1 cm. "*■ = 2 x 10 16 ergs = 1.48 °K 

Note: Numerical answers to the problems need not be accurate, but they should at 
least have the correct orders of magnitude. Use your physical judgement 
to make sure that the answers are reasonable. 




C = 3 x 10 10 cm./sec. 
h = 1.05 x 10 27 ergs-sec. 
k = 1.38 x 10~ 16 ergs/°K. 

N = 6.02 x 10 23 atoms/mole 

O 

L = 85 joules/mole 

(approximately independent of temperature) 
nip = 1.7 x 10 24 gm. 
m = 9.1 x 10~ 28 gm. 

d = 2.2 A. 



OCTOBER 2, 1976 
9:00 - 12:00 noon 
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(15 Pts.) 1. A He-Ne laser generates a quasi-monochromatic beam 

at 6328A. The beam has an output power of 1 mw(10~ 3 watts), 
a divergence angle of 10~ 4 radians, and a spectral 
linewidth of O.OlA. If a blackbody with an area 
of 1 cm 2 were used to generate such a beam after 
proper filtering, what should its temperature be 
approximately? 

(10 Pts.) 2. Define (a) critical point and (b) triple point in 
phase transformation. 

Helium boils at 4.2°K under the atmospheric 
pressure p = 760 mm of mercury. What will be the 
boiling temperature of helium if p is reduced to 
1 mm of mercury. 

(10 Pts.) 3. Derive an expression for the chemical potential of 
a free electron gas with a density of N electrons 
per unit volume at zero temperature (T=0°K). Find 
the chemical potential of the conduction electrons 
(which can be considered as free electrons) in a 
metal with N = 10 22 electrons/cm 3 at T = 0°K. 

(10 Pts.) 4. A paramagnetic system consists of N magnetic dipoles. 

Each dipole carries a magnetic moment y which can 
be treated classically. If the system at a finite 
temperature T is in a uniform magnetic field H, find 

(a) the induced magnetization in the system, and 

(b) the heat capacity at constant H. 

(10 Pts.) 5. What is the root mean square fluctuation in the 
number of photons of mode frequency u in a 
conducting rectangular cavity? Is it always smaller 
than the average number of photons in the mode? 
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(15 Pts.) 


atm. pressure 


A liquid helium container, shown in Fig. 1 
contains 1000cm 3 of liquid helium and has a 
total wall area of 600 cm 2 . It is insulated 
from the surrounding liquid nitrogen reservoir 
by a vacuum jacket of 0.5 cm thickness. Liquid 
helium is at 4.2°K, while liquid nitrogen 
is at 77°K. 

If the vacuum jacket 
is now filled with helium 
at a pressure of 
10ym Hg , estimate 
how long it will take 
for all the 1000cm 3 
liquid helium in the 
container to disappear. 

(As a crude approxi¬ 
mation, we can assume a constant temperature gradient 
across the vacuum jacket and evaluate the thermal 
conduction of the He-filled jacket at its mean temperature. 



Liq. N 2 


Fig. 1 


(15 Pts.) 7. A paramagnetic system in a uniform magnetic field 

H is thermally insulated from the surrounding. It 
has an induced magnetization M = aH/T and a heat 
capacity = b/T 2 at constant H where a and b 
are constants and T is the temperature. How will 
the temperature of the system change when H is 
quasi-staticaily reduced to zero? In order to 
have the final temperature change by a factor 
of 2 from the initial temperature, how strong should 
the initial H be? 
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(15 Pts.) 8. A simple molecular beam apparatus is shown in 

Fig. 2. The oven contains molecules at 300°K 
and at a pressure of 1 mm of mercury. The hole 
on the oven has a diameter of 100 pm which is 
much smaller than the molecular mean free path. 

After the collimating slits, the beam has a 
divergence angle of 1 mrad. Find: 

(a) the speed distriubtion of moelcules.in the beam; 

(b) the mean speed of molecules in the beam; 

(c) the most probable speed of molecules in the beam; 

(d) the beam power; (number of molecules passing 
through the last collimating slit per unit time). 

(e) the average rotational energy of H 2 molecules. 


Fig. 2 


Pump 
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PRELIMINARY EXAMINATION 1:15 - 4:15 p.m 

Part IV - Quantum Mechanics Exam 


(12 Pts.) 1. A. Express each of the following quantities 

in terms of h, e, c, m = electron .mass, 

M = proton mass. Also give a rough estimate 
of numerical size for each. 

(a) Bohr radius (cm.) 

(b) Binding energy of hydrogen (ev). 

(c) Bohr magneton (choose your own units). 

(d) Compton wavelength of an electron (cm.). 

(e) Classical electron radius (cm.). 

(f) Electron rest energy (Mev). 

(g) Proton rest energy (Mev). 

(h) Fine structure constant. 

(i) Typical hydrogen fine-structure splitting (ev). 

B. Describe each of the following. Limit yourself 
to a few lines each, 

(a) Bohm-Aharonov effect. 

(b) Hartree approximation. 

(c) Hartree-Fock approximation. 

(22 Pts.) 2. Consider the energy levels of the potential V = g|x|. 

(a) By dimensional analysis, reason the dependence 
of a general eigenvalue on the parameters 
(m=mass, h, g). 

(b) With the simple trial function 
'V = c0(x+a)0(a-x) (1-M-) 

3 . 
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compute (to the bitter end) a variational 
estimate of the ground state energy. (Here c, a are 
variable, 0(x) = 0 x<0, 0(x) = 1, x>0.) 

(c) Why is the trial function ¥ = c0(x+a)0(a-x) 

* not a good one? 

(d) Describe briefly (no equations) how you would go 
about a variational estimate of the energy of the 
first excited state. 

(11 Pts.) 3. Band structure 


To a good approximation, an electron in a crystal 
lattice experiences a periodic potential l 



It is a theorem (Floauet’s), and a physical fact, that 
the spectrum of any such periodic potential separates 
into continuous "bands" with forbidden "gaps". 

To construct a very crude model of (the lowest 

band of) this effect, imagine that the barriers are high, 

y 11 i 

so that the set of ground states |n>' (-°°<n<+ 00 ) 

Cone for each well) are approximate eigenstates. 

Call Eo the energy of each |n>. Now suppose 
e = |s:|e ia is the (small) amplitude for tunneling 
between any two nearest-neighbor wells (Probability for 
|n-l> |n> -*■ jn+l> is |e| 2 ). 

Set up a hermitean Hamiltonian that describes this. 
Compute the energy E(0) of the state(s) 

| 0 > = *£ e in0 | n > 

n =-c° 

What is the width of your band? 
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(22 Pts.) 4. Begin with the Heisenberg picture description of a 

single degree of freedom in one dimension: 

i) H(q,p), [ q(t), p(t)] = ih, M = ^ [H,M] 

Where M is any function of p, q, and [ , 3 is commutator. 
Also introduce a complete orthonormal set of eigenstates 
of q(t), one set for each time: 

ii) q(t)|q't> = q’|q't>, <q"tjq't> = 5(q"-q') 

f +CO 

1 =/ dq'|q't><q't j 

J _CO 

Here 6 is Dirac’s delta-function 


(a) Starting with just i) and ii) above, calculate 
|q't> in terms of the Hamiltonian acting on 

|q',o>. 

(b) From just i), ii) and (a), calculate <q"0|p(0)|q',0> 
and <q'0|p'0> where |p't> are a similar set of 
eigenstates of the momentum. 


(c) From just i), ii), and (a) and (b), evaluate the 
transition amplitude <q"t"|q't’>. Assume H(q,p) = 


Useful identity 



-ax 

e 


2 


ax 
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(22 Pts.) 5. Heisenberg Ferromagnet 


As a simple model of a one-dimensional ferro-magnet, 
Heisenberg visualized an infinite array of spins at 
lattice sites separated by some distance a, and interacting 
via a nearest-neighbor spin-spin interaction: 


y £ ^ 

(i) 


! C i)' s ci*i) J ’ 5(i) =% H(i) 


Here, a... are the usual Pauli matrices, one for each 
~(i) 

site (i) CCi) runs from -°° to +°°). c's at different sites 
are assumed to commute with each other, y is a positive 
constant. 

(a) Show by explicit calculation that S = S.. 


(i) 


(i) 


is a constant of the motion. 

(b) H is positive semi-definite; Argue that the 
ground state of the system has all nearest- 
neighbor spins in relative triplet states. 

(c) Consider separate up and down eigenstates of a,-... 

1 1 \ 

at each site, e.g. u^(+) = ( 0 ) - Using 

just the u^(+), construct a ground state |o>, and compute 

its energy. (This is spontaneous magnetization.) 

(d) Argue by construction that the ground state is degenerate. 
[Make sure that your degenerate states are normalizable.] 
What is the physical interpretation of the degeneracy? 


(11 Pts.) 6. (a) Consider the spin h operator S = % a, where 

cr (i=l,2,3) are the usual Pauli-matrices . 
What is the operator that rotates the system 
by an angle <p about an axis h? 
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(b) Starting from a state with spin along the 
positive z-axis, make a rotation about the Y-axis 
to construct the normalized state [ 0 > in 

which the expectation value of S 3 is JjcosQ. 

In this state, what is the expectation value 
of S,, S 2 ? 

(c) Compute the change in an arbitrary state of 
the system, if we rotate by an angle 2 ir 
about an arbitrary axis. 
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PRELIMINARY EXAMINATION 9:00am - 12:00 Noon 

Room 4 LeConte 

Mechanics and Special Relativity 


ANSWER ALL SIX QUESTIONS. EACH QUESTION CARRIES APPROXIMATELY EQUAL WEIGHT. 

1. Particles of mass m^ and connected by a light spring with spring 
constant k, are at rest on a frictionless horizontal surface. 

(a) An impulse, I, of very short duration is delivered to m^. The 

direction of the impulse is from m^ to How far will m^ move 

before coming to rest for the first time? 

(b) Is it possible by delivering a short impulse to m^ to have the 
system move from rest so that it is rotating without oscillation? 
Explain. 

2. A body is dropped from rest at a height h above the surface of the 
earth and at a latitude 40° N. For h = 100m, calculate the lateral 
displacement of the point of impact due to the Coriolis force. 

3. Two mass points rr^ and m 2 (m^ 4 it^) are connected by a string of length l 
passing through a hole in a horizontal table. The string and mass points 
move without friction with m^ on the table, and free to move in a 
vertical line. 
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(a) What initial velocity must be given so that will remain 

motionless a distance d below the surface of the table? 

(b) If is slightly displaced in a vertical direction, small oscil¬ 
lations ensue. Use Langrange's equations to find the period of 
these osci1lations. 


4. a.A cosmic ray proton collides with a stationary proton to give an 
excited system moving highly relativistical ly (^= 1000). In this 
system mesons are emitted with velocity 3c. If in the moving system 
a meson is emitted at an angle 9 with respect to the forward direction, 
at what angle 9 wi11 it be observed in the laboratory? 

(b) Apply the result you obtained in (a) above to mesons (rest energy 
140 MeV) emitted in the moving system with momemtum 0.5 GeV/c. 

What will 9 be if 9 is 90°? What will be the maximum value of 
9 observed in the laboratory? 


5. A gyroscope at latitude 45° N is mounted 

on bearings in such a way that the axis of 
spin is constrained to be horizontal but 
otherwise no torques occur in the bearings. 
Taking into account the rotation of the 
earth, show that an orientation with the 
axis of spin along the local north-south 
direction is stable and find the period 
for small oscillations of the spin axis 
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about this direction. Assume that the rotor can be approximated by 
a thin circular ring (i.e., the spokes and other parts are of negli¬ 
gible mass). (in working this problem it is simpler in writing the 
angular velocity of the rotor about the x axis (see figure) to lump 
together the spin term and the term due to rotation of the earth.) 

6. A beam of seasoned oak, 2" x 4" in cross section is built into a concrete 

wall so as to extend out 6 ft. as shown. 

It is oriented so as to support the load 

with the least amount of bending. The 

elastic limit for oak is a stress of 
2 

7900 Ib/in . The modulus of elasticity, 

-l (dP/dJL) is 1.62 x 10 6 lb/in 2 . What 
is the largest load, L, that can be sup¬ 
ported without permanently deforming the beam and what is the displacement 
of the point P under this load? In working this problem make reasonable 
approximations, including that it is adequate to equate the radius of the 
curvature of the beam to (-d y/dx ) instead of the exact expression. 
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Room 4 LeConte 

Electricity and Magnetism, with Optics 

ANSWER ALL SEVEN QUESTIONS. EACH QUESTION CARRIES APPROXIMATELY EQUAL WEIGHT. 

1. A spherical condenser consists of two concentric conducting spheres 
of radii'a_and b_ (a > b). The outer sphere is grounded and a charge Q 
is placed on the inner sphere. The outer conductor then contracts 
from radius a to radius a 1 . Find the work done by the electric force. 


Two conductors of infinite length carry a current I. 
They are parallel and separated by a distance 2a_. A 
circular conducting ring of radius a_ in the plane of 
the parallel wires lies between the two straight con¬ 
ductors and is insulated from them. Find the coeffi¬ 
cient of mutual inductance between the circular con¬ 
ductor and the two straight conductors. 



3. Find the potential energy of a point charge in vacuum a distance x_ 

away from a semi-infinite dielectric medium whose dielectric constant 
i s K. 


4. Consider the circuit shown. 

(a) Find the impedance to a voltage V 

of frequency eo applied to the terminals. 


o- 


G- 


L ^ C 
S7pT(T -WAf.— j |-- 

C,-- 
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(b) If one varies the frequency but not the amplitude of V, what 
is the maximum current that can flow? The minimum current? 
At what frequency(ies) will the minimum current be observed? 


5. A D.C. electromagnet is to be constructed by windi 

a coil of N. turns tightly on an iron yoke shaped I'ike 
a doughnut with a small slab sliced out to form th 
gap. The radii for the doughnut are a_ and b_ (see 
figure) and the width of the gap i s _w. The relati 
permeability (y/y Q ) for the iron can be assumed co 

stant and large. A wire of radius r_ and resistivi 

jO is to be used for the coil. The completed magnet 
will be operated by placing the coil across a D.C. 
power supply of voltage V_. For simplicity, assume that b/a >> land a/r >> 1. 
Derive expressions for the following quantities: 

(a) The steady state value for the magnetic field in the gap. 

(b) The steady state value for the power consumed in the coil. 

(c) The time constant governing the response of the current in the 
coil to an abrupt change in V. 



6. (a) Consider a solid iron cylinder within a solenoid. The magnetic 

field will not change instantaneously even if the current in the 
coil is changed abruptly. Show that the field in the iron is 
governed by the diffusion equation and estimate by dimensional 
methods the time required for the new field to diffuse into the 


i nterior of the iron. 
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(b) Calculate the characteristic time for the field to build up in 
a cylinder of iron 1 cm in diameter. Such a cylinder 1 meter 
long has a resistance of 1.3 x 10 ^ ohms. Use a value 1000 for 
the relative permeability. 

7. (a) Consider the Fraunhofer diffraction pattern due to two unequal 

si its. Let £ and _b be the inequal slit widths and £ the distance 
between their centers. Derive an expression for the intensity of 
the pattern for any diffraction angle 0 , assuming the arrangement 
to be illuminated by perpendicular light of wavelength X. 

(b) Use your formula from (a) to obtain expressions for the pattern 

in the following special cases and make a sketch of those patterns: 
i) a = b 
i i) a = 0 
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PRELIMINARY EXAMINATION 9:00 - 12:00 Noon 

Room A LeConte 


Heat and Thermodynamics : 
Statistical Physics 


1. Estimate: 

(a) The number of molecules in the air in this room. 

(b) Their energy, in joules or in ergs, per mole. 

(c) What quantity of heat (in joules or in ergs) must be added to 
warm one mole of air at 1 atm from 0°C to 20°C. 

(d) What is the minimum energy that must be supplied to a refriger¬ 
ator to cool 1 mole of air at 1 atm from 20°C to 18°C. The 
refrigerator acts in a cyclic process and gives heat out at 40°C. 

Note: At most half credit will be given if symbols are used to denote 
values of physical constants you should have remembered, at least roughly. 


2. Derive the vapor pressure equation (Clausius-Clapeyron equation) 
dp/dT = ? 

3. Give a qualitative argument based on the kinetic theory of gases to 
show that the coefficient of viscosity of a classical gas is independent 
of the pressure at constant temperature. 
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4. (a) Show that the number of photons in equilibrium at temperature 

T in a cavity of volume V is 

N = V(kgT/fic)^ times a numerical constant. 

(b) Use this result to obtain a qualitative expression for the heat 
capacity of a photon gas at constant volume. 

5. Consider a system which has two orbitals, (single particle states) 
both of the same energy. When both orbitals are unoccupied the 
energy of the system is zero; when one orbital or the other is oc¬ 
cupied by one particle, the energy is e. We suppose that the energy 
of the system is much higher, say infinitely high, when both orbitals 
are occupied. Show that the ensemble average number of particles in 
the level is 


<N> = 1 

iexp [(e - vO/tJ + 1 

6. Consider a Fermi gas at low temperatures kgT << u(0), where p(0) is 
the chemical potential at T 3 0. Give qualitative arguments for the 
leading value of the exponent of the temperature dependent term in 
each of the following quantities: (a) energy; (b) heat capacity; 

(c) entropy; (d) Helmholtz free energy; (e) chemical potential. The 
zero of the energy scale is at the lowest orbital. 
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7. The atmosphere Is often in a convective steady state at constant 

v . 

entropy, not constant temperature. In such equilibrium pV is 
independent of altitude, where y= C^/Cy. Use the condition 
of hydrostatic equilibrium in a uniform gravitational field to find 
an expression for dT/dz, where z is the altitude. 
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Quantum Physics 


APRIL 9, 1977 

1:15- 4:15 P.M. 
Room 4 LeConte 


1. An electron a distance x from a liquid helium surface feels the 

x>0 K = constant 
x<0 

(a) Find the ground state energy level. Neglect spin. 

(b) Compute the Stark shift in the ground state using first order 
pertubation theory. 


potential 


V (x) = -K 
x 


V (x) = “ 


2. Consider two particles of mass m^ ? m^ interacting via the Hamiltonian 

2 2 
P P 

H = 1 ~ 2 ± , 2 2. 2 2 , \ 2 

_ + _ + ltv x, in, 2 0 ) x 2 + ik(x, - x 2 ) 

(a) Find the exact solutions 

2 

(b) Sketch the spectrum in the weak coupling limit k<<yco where y is 
the reduced mass. 


3. A particle of mass m is confined to a circle of radius a_, but is 
otherwise free. A perturbing potential 3C = A sinGcosG is applied 
where Q is the angular position on the circle. Find the correct 
zero-order wave functions for the two lowest states of this system 
and calculate their perturbed energies to second order. 
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4. An alkali atom in its ground state passes through a Stern-Gerlach 
apparatus adjusted so as to transmit atoms that have their spins 
in the +z direction. The atom then spends time T in a magnetic 
field, H, in the x direction. At the end of this time what is the 
probability that the atom would pass through a Stern-Gerlach selector 
for spins in the -z direction? Can this probability, be made equal 
to unity? If so, how? 


5 # Calculate in the 8 orn approximation the differential scattering 
cross section for neutron-neutron scattering, assuming that the 
interaction potential responsible for scattering vanishes for 
the triplet spin state and is equal to 

V(r) = V Q e~ Ur 
r 

for the singlet spin state. [Evaluate the cross section for an 
unpolarized (random spin orientations) initial state.] 

6. (a) An electron has been observed to have its spin in the directi'r ^f the 

Z-axis of a rectangular coordinate system. What is the probabilit’/ thrt a 
second observation will show the spin to be directed in X-Z plane at an angle 
0 with respect to the Z-axis? 

(b) The total spin of the neutron and proton in a deuteron is a triplet 
state. The resultant spin has been observed to be parallel to the Z-axis 
of a rectangular coordinate system. What is the probability that a second 
observation will show the proton spin to be parallel to the Z-axis? 
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PRELIMINARY EXAMINATION 9:00 am - 12 noon 

Room A LeConte 


Mechanics and Special Relativits 


The number of points for each question is indicated. The maximum possible 
score is 100 points. Use the blue books provided. 

(20 pts.) 1. Under especially favorable conditions an ocean current circulating 
counterclockwise when viewed from directly overhead was discovered 
in a wel1 -isolated layer beneath the surface. The period of rotation 
was 14 hours. At what latitude and in which hemisphere was the 
current detected? 


(20 pts.) 2. In a simplified model of a relativistic nucleus-nucleus collision, 

a nucleus of rest mass m x and speed 0j collides head-on with a 

target nucleus of mass m 2 at rest. The composite system recoils at 

speed 3 and with center of mass energy e . Assume no new particles 
o o 

are created. 

a) Derive relativistical ly correct relations for 6 Q and £ q . 

b) Calculate 0 and e (in MeV) for a 40 Ar nucleus impinging at 

o o 

0 X = 0.8 on a 238 U nucleus. 

c) A proton is emitted with 0^ = 0.2 at 0^ - 60° to the forward 
direction, in the frame of the recoiling Ar + U system. Find 
its lab speed 0^ and lab direction 0^ to within a few percent, 
making non-relativistic approximations if they are warranted. 
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(20 pts.) 3* The interaction between an atom and an ion at distances greater 

than contact is given by the potential energy V(r) = -Cr 4 . 

[C = e 2 P 2 /2., where e is the iori charge and P is the polarizabi- 
a a 

1 ity of the atom.] 

a) Sketch the effective potential energy as a function of r. 

b) If the total energy of the ion exceeds V the maximum value 

of the effective potential energy, the ion can strike the atom. 
Find V in terms of the angular momentum, L. 

c) Find the cross section for an ion to strike an atom (i.e., 

to penetrate to r = o) in terms of its initial velocity, v . 
Assume that the ion is much lighter than the atom. 

(20 pts.) 4. A propeller-driven airplane flies in a circle counterclockwise, 
when viewed from above, with a constant angular velocity x with 
respect to an inertial frame. Its propeller turns at a constant 
angular velocity d^/dt clockwise as seen by the pilot. 

a) For a flat, four-bladed propeller, what relations exist among 
the moments of inertia? 

b) Find the magnitude and direction of the torque that must be 
applied to the propeller shaft by the bearings to maintain 
level flight in a circle. 

(20 pts.) 5. In a simplified version of the ending of one of Fred Hoyle's novels 
the hero, traveling at high Lorentz factor at right angles to the 
plane of our Galaxy, said he appeared to be inside and heading 
toward the mouth of a "goldfish bowl" with a blue rim and a red 
body. Feynman bet 25 i that the light from the Galaxy would not 
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look that way. We want to see who was right. Take the relative 
speed to be B p = 0.99 and the angle $ in the frame of the Galaxy 
to be 45°. 


A 


Frame 

of 

Galaxy 



Frame of 
spacecraft 
as claimed 
by Hoyle 



a) Derive (or recall) an expression for the relativistic aberration 
and use it to calculate cj) 1 , the direction from which light from 
the edge of the Galaxy appears to come when viewed in the space¬ 
craft. 

b) Derive (or recall) the relativistic Doppler effect and use it 
to calculate the frequency rate v'/v for light from the edge. 

c) Calculate cf>' and v'/v at enough angles <p to decide who won the 


bet. 
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PRELIMINARY EXAMINATION 1:15 - 4:15 PM 

Room 4 LeConte 

Electricity and Magnetism, Including Optics 

Instruct! - ons 


Read all the problems first before you try to solve any particular one. 

Start with the easy questions and work your way up to the harder ones. If 
you find the examination too long, do not panic; just do the best you can 
in the given amount of time. To get partial credit, show the steps that led 
to the final answer clearly. You may use either the c.g.s. (gaussian) or the 
m.k.s. system of units; state at the beginning which system you are going to 
use and stick to it. In cases where a numerical answer is required, an order 
of magnitude estimate is sufficient if you do not know the precise values of 
the fundamental constants needed. The same goes for the basic formulas you 
need and you don't happen to remember; in such cases a reasonable order of 
magnitude guess will earn you partial credit. 

Answer all the questions 


1. A particle with given charge, mass and angular momentum moves in a cir¬ 
cular orbit. 

(10 pts) a. Starting from the fundamental laws of electrodynamics, find the static 
part of the magnetic field generated at distances large compared to the 
size of the loop. 

(5 pts) b. What magnetic charge distribution would generate the same field? 


(15 pts) 2. A single wire transmission (telegraph) 
line carries a current of angular fre¬ 
quency co. The earth, assumed to be a 
perfect conductor, serves as the return 
wire. If the wire has resistance per 
unit length r, self-inductance per unit 
length £ and capacitance per unit 
length to ground c, find the voltage 
and current as functions of the length 
of the line. 
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3. Energy loss due to radiation is supposed to be insignificant for a non- 
relativistic charged particle in a cyclotron. To illustrate this fact, 
consider a particle of given charge, mass and kinetic energy, which 
starts out in a circular path of given radius in a cyclotron with a 
uniform axial magnetic field. 

(10 pts) a. Determine the kinetic energy of the particle as a function of time. 

(5 pts) b. If the particle is a proton with the initial kinetic energy of 100 million 

electron volts, find how long it takes, in seconds, for it to lose 10 
percent of its energy, if it starts at a radius of’10 meters. 


the 

4. Assume that A ionosphere consists of a uniform plasma of free electrons 
and neglect collisions. 

(7 pts) a. Derive an expression for the index of refraction for electromagnetic 
waves propagating in this medium in terms of the frequency. 

(8 pts) b. Now suppose that there is an external uniform static magnetic field due 
to the earth, parallel to the direction of propagation of the electro¬ 
magnetic wave. In this case, left and right circularly polarized waves 
will have different indices of refraction; derive the expressions for 
both of them. 

(5 pts) c. There is a certain frequency below which the electromagnetic wave inci¬ 
dent on the plasma is completely reflected. Calculate this frequency 
for both left and right polarized waves, given^that the_density of elec¬ 
trons is 10 5 cm -3 and B = 0.3 gauss. (3 x 10~ D weber m" 2 ) 


5. Two stars have an angular separation of 1 x 10 radians. They both 
emit light of wavelengths 5770 and 5790 A. 

(5 pts) a. How large a diameter lens in the telescope is needed to separate the 
images of the two stars? 

(5 pts) b. How large a diffraction grating is needed to separate the two wavelengths 
present. 

Be explicit and complete in your answers, explaining your reasoning. 
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(5 pts) 

(5 pts) 

(5 pts) 
(5 pts) 


6a. 


b. 


Calculate the electric polarization vector P and also the surface and 
volume bound charge densities in a long dielectric cylinder spinning at 


an angular velocity to about its axis 
which is parallel to the axis. 

A doughnut shaped solenoid winding 
has dimensions R = 1 meter, diameter 
of the loop = 10 cm, and the number 
of windings = 1000.,. If a current of 
10 amperes (3 x 10 1U statamperes) 
runs through the wire, what is the 
magnitude and the direction of the 
force on one loop? 

Find the radiation pressure on a 
mirror 1 meter away from a 70 watt 
bulb. Assume normal incidence. 


in a uniform magnetic field B 



d. A plane electromagnetic wave is normally incident on a perfect conduc¬ 
tor (superconductor). Find the reflected E and B fields, the surface 
charge and current densities in terms of the incoming fields. 


(5 pts) e. Two charges q and (-q) are brought 
from infinity to a distance d from 
a conducting plane and a distance 
r from each other. Find the work 
done in the process by the exter¬ 
nal force which moved the charges. 
Give both magnitude and sign. 




University of California, Berkeley 
Department of Physics 


(5 pts) 


(10 pts) 


dO pts) 


PALL, 1977 Saturday, Oct. 1, 1977 

PRELIMINARY EXAMINATION 9:00 AM - 12:00 Noon 

Room 4 LeConte 

Heat, Themodynanies and Statistical Mechanics 

» 

No notes or books, calculators may be used. Give numerical answers when asked 
and state units. Solve each problem; relative credit shown in parenthesis ( ). 


Mass of electron 

-27 

m = 0.9 x 10 grams 

Boltzmann’s constant 

k = 1.4 x 10“ 16 erg deg - "*' 

Planck’s constant 

—27 

h = 6.6 x 10 erg-sec 

Loschmidt’s number 

19 3 

n Q = 2.7 x 10 gas particles/cm at 

p = 1 atomsphere and T = 0°C 

Avogadro’s number 

N = 6 x 10 particles per mole 

Mass of proton 

M = 1.7 x 10 ~ gram 


1. Define heat capacity C y and calculate from first principles the numerical 
value (in calories/ C) for a copper penny in your pocket, using your 
best physical knowledge or estimate of the needed parameters. 


2. Given a system of two distinct lattice sites, each occupied by an atom 
whose spin (S = 1) is so oriented that its energy takes one of three 
values e = 1, 0, -1 with equal probability. The atoms do not i n teract 
with each other. Calculate the ensemble average values U and U 2 , for 
the energy U of the system; assumed to be that of the spins only. 


3. You have just very gently exhaled a helium atom in this room. Calculate 
how long (t in seconds) it will take to diffuse with a reasonable proba¬ 
bility to some point on a spherical surface of radius R = 1 meter surround¬ 
ing your head. 
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(20 pts) H. Show that A = exp(y/k.x) = n Vg for an Ideal gas, valid where A«l; here 
y Is the chemical potential, ^ n Is the gas density and 

2 V2 

Vq = | 2yh '/mkT] is the quantum volume. Even If you cannot prove 
this, this result will be useful in other problems. 


(15 pts) 5. State which statistics (classical Maxwell-Boltzmann; Fermi-Dirac; or 
Bose-Einstein) would be appropriate in these problems and explain why 
(semi-quantitatively): 

(a) Density of He^ gas at room temperature and pressure. 

(b) Density of electrons in copper at room temperature. 

(c) Density of electrons and holes in semiconducting Ge at room temperature 
(Ge band-gap « 1 volt). 


(25 pts) 6. Given a system of N identical non-interacting magnetic ions of spin h, 
magnetic moment y Q in a crystal at absolute temperature T in a magnetic 
field B. For this system calculate: 

(a) The partition function Z. 

(b) The entropy a. 

(c) Hie average energy U. 

(d) The average magnetic moment M, and the fluctuation in the magnetic moment, 
AM = (M - M) 2 

(e) The crystal is initially in thermal equilibrium with a reservoir at 

T = 1°K, in a magnetic field = 10,000 Gauss. The crystal is then 

thermally isolated from the ■“ reservoir and the field reduced to 
B^, = 100 Gauss. What happens? 


(5 pts) 7. Calculate the average energy per particle e for a Fermi gas at T = 0, 
where e^, is the Fermi energy. 
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(10 pts) 


8 . 

(a) For a mole of ideal gas at T = 0°C, calculate the work W done (in Joules) 
in an isothermal expansion by a factor 10 in volume. 

(b) For an ideal gas initially at T. = 0°C, find the final temperature T f 
(in °C) when the volume is expanded a factor 10 reversibly and adiabati- 
cally. 
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4 LeConte Hall 


Quantum Physics 

All four questions carry equal weight. Useful information (not all of this is 
necessarily needed): 


The wave functions m for hydrogen-like atoms: 

£/ 




100 




21 m 


e = 4.8 X 10 


- 2 (*r 3/2 «" r/a *o - *200 = 2 c*r 3/2 u-•§> 

= 3 _1//3 ( 2 a )" 3 / 2 (~) e“ r / 2a Y^ where a = a.Jz, 
CONSTANTS (approximate) 

= 1/137 


-r/ 2 a 0 

e Y q 


0 

y o = 


sfTn 


•10 


esu 


a = 


e 2 /ftc 


m = 9 X 10 


■28 


gm 


-27 

ft = 10 1 erg-sec 

10 / 

c = 3 X 10 cm/ sec 


a = ft 2 /me 2 = 0.5 8 
o 

1 1l p 

1 Rydberg = —(me /ft ) = 13.6 eV 
1 eV = 1.6 X IO 12 erg 


0.5 MeV 


m c 
e 


= 938 MeV/c" 


r = 
o 


e 2 /mc 2 = 2.8X 10 ^ cm 


pg -1 

N s 6.0 X 10 3 mole 


CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS, AND d FUNCTION S 


Note: A \T” is to be understood over every 


coefficient; e. g. , for -8/15 read -*'/8/ 15. 


Notation; 


1/2 » 1/2 


J 

M 


Coefficient* 



Y,‘ m = (-l) m Y m * 
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1. (a) If you remember it, write down the differential cross section for 

2 

Rutherford scattering in cm /steradian. If you do not remember it, 
say so, and write down your best guess. Make sure that Z dependence, 
energy dependence, angular dependence and dimensions are "reasonable." 

Use the expression you have just given, whether correct or your best 
guess, to evaluate parts (b- e) below. 

12 

An accelerator supplies a proton beam of 10 particles per second and 200 
Mev/c momentum. This beam passes through a 0.01 cm aluminum window. (A1 

o 2 

density p = 2.7 gm/cm , A1 radiation length X = 2k gm/cm , Z = 13 , A = 27 ). 

® 2 

(b) Compute the differential Rutherford scattering cross section in cm /steradian 
at 30 ° for the above beam in Al. 

(c) How many protons per second will enter a 1 cm radius circular counter 

at a distance of 2 meters and at an angle of 3 °° with the beam direction? 

(d) Compute the integrated Rutherford scattering cross section for angles 

o 0 0 d .0 

greater than 5 * Hint: sin 0d@ = Ij. sin cos -75 — . 

(e) How many protons per second are scattered out of the beam into angles 

> 5 0 ? 

(f) Compute the projected rms multiple Coulomb scattering angle for the 
proton beam through the above window. Take the constant in the expression 
for multiple Coulomb scattering as 15 MeV/c. 

2. Given two angular momenta 3* and j? (for example if and S* and the corresponding 

wavefunctions) where j^ = 1 and j^ = l/2. Compute the Clebsch-Gordan 
coefficients for the states with ? = m = m^ + m^ where: (a) j = 3 / 2 , 

m = 3/2 and (b) j = 3 / 2 , m = l /2 respectively. 

Consider the reactions: 


o o 
-> £ it 

K n -> 2 «° 


Assume they proceed through a resonance and hence a pure I-spin state; find 
the relative rates based on I-spin conservation: (c) for an 1=1 

resonance state, (d) for an 1=0 resonance state. Use the Clebsch-Gordan 
coefficients supplied. The I-spins for K, N, 2, n are l/2, l/2, 1 and 1 
respectively. 
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3. Consider an ionized atom (Z, A) with only a single electron remaining. 

Calculate the Zeeman splitting in the n = 2 state in a "weak" magnetic 
field 

(a) for an electron, 

(b) for a hypothetical spin = 0 particle with electron mass. 

(c) Calculate the first-order Stark effect (energy levels and wavefunctions) 
for an electron in the n = 2 state. 

(After you define the radial integrals you can express them by a parameter - f 
you need not evaluate them. The same holds for nonzero angular integrals.) 

4. Consider an idealized (point charge) A1 atom (z = 13, A = 27). If a negative 
lepton or meson is captured by this atom it rapidly cascades down to the low 
n states which are inside the electron shells. In the case of p capture: 

(a) Compute the energy E^ for the p in the n = 1 orbit; estimate also a 
mean radius. Neglect relativistic effects and nuclear motion. 

(b) Now compute a correction to to take into account the nuclear motion. 

(c) Find a perturbation term to the Hamiltonian due to relativistic kinematics 
ignoring spin. Estimate the resulting correction to E^. 

(d) Define a nuclear radius. How does this radius for A1 compare to the 
mean radius for the n = 1 orbit from (a)? Discuss qualitatively what 
happens to the p~ when the p” atomic wavefunction overlaps the nucleus 
substantially. What happens to a n~ under similar circumstances? Informa¬ 
tion that may be relevant: 

M = 105 MeV/c 2 , SPIN(p) = 1/2 , 

o 

= 140 MeV/c , . SPIN(jt) = 0. 
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Mechanics and Special Relativity 


1. A block of mass m is attached to a 
wedge of mass M by a spring with 
spring constant k . The frictionless, 
inclined surface of the wedge makes an 
angle a to the horizontal. The wedge 
is free to slide on a horizontal, fric¬ 
tionless surface. 

a. Given that the relaxed length of the spring alone is d , find 
the value s^ when both the block and the wedge are at rest. 

b. Find the Lagrangian for the system as a function of the x 
coordinate of the wedge and the length of the spring, s . Write 
the equations of motion. 

c. What is the natural frequency of vibration? 



2 . 


A PI meson with a momentum of 5m c makes an elastic collision 

TT 

with a proton (m^ =» 7m^) which is initially at rest. 


a. What is the velocity of the c.m. 
reference frame? 

b. What is the total energy in the 

c.m. system? 



c. 


Find the momentum of the incident 
pion in the c.m. system. 


P 
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3. A uniform log with length L , cross- 
sectional area A and mass M is 
floating vertically in water (p = 1.0) 
and is attached by a spring with spring 
constant K to a uniform beam which is 
pivoted at the center. The beam has 
the same mass and is twice the length of the log. The log is con¬ 
strained to move vertically and the natural length of the spring is 
such that the equilibrium position of the beam is horizontal. 

a. Find the normal modes (frequencies and ratio of displacements) 
for small displacements of the beam. 

b. Discuss the physical significance of the normal modes in the 
limit of a very strong spring. 


2 L 



4. A satellite is launched from the earth on a radial trajectory away 
from the sun with just sufficient velocity to escape from the sun 1 s 
gravitational field. It is timed so that it will intercept Jupiter's 
orbit (RJ a distance b behind Jupiter, interact with Jupiter's 

u . 

gravitational field and be deflected by 90°, i.e., its velocity after 
the collision is tangent to Jupiter's orbit. How much energy did the 
satellite gain in the collision? Ignore the sun's gravitational field 
during the collision and assume that the duration of the collision is 
small compared to Jupiter's period. 


5. A thin disk of radius R and mass M 
lies in the x-y plane and has a point 
mass m * ^-M attached on its edge as 
shown. The moment of inertia tensor of 
the disk about its center of mass is 
(the z axis is out of the paper): 

1 0 o' 
0 10 
0 0 2 





X 
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a. Find the moment of inertia tensor of the combination of disk 
and point mass about point A in the coordinate system shown. 

b. Find the principal moments and the principal axes about point 
A . 

c. The disk is constrained to rotate about the y axis with 
angular velocity to by pivots at A and B . Describe the 
angular momentum about A as a function of time and find the 

vector force applied at B (ignore gravity). 

t 



I 


University of California, Berkeley 
Department of Physics 
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Electricity and Magnetism, Including Optics 
Units: As some will be more familiar with SI units and others with CGS Gaussian 

units, the examination may be worked in either system. Equations and numerical 
data are given in both systems. 


1. Magnetic charge . We assume the existence of magnetic charge related to the 

magnetic field B by the local relation: 

SI: 'if • i? = y p CGS: 7*S = i+^ P 

0 m m 

a. Using the divergence theorem, obtain the magnetic field of a point 
charge q m at the origin. 

b. In the absence of magnetic charge, the curl of the electric field is 
given by Faraday*s law: 

SI: v x £ = - 3Ef / 3 t CGS: ^ x t = - (l/c) 3? / 3 t 

Show that this law is incompatible with magnetic charge density that is 
a function of time. 

c. Assuming that magnetic charge is conserved, derive the local relation 
between the magnetic charge current density 3^ and the magnetic charge 
density p m . 

d. Modify Faraday's law as given in Part b of this question to obtain a 
law consistent with the presence of a magnetic charge density that is 
a function of position and time. Demonstrate the consistency of the 
modified law. 

2. Force on a magnetic moment . The force on a small electric current loop 

of magnetic moment 7 in a magnetic field I? (r) is given by: 

? = ( y* x V ) x B 

On the other hand, the force on a magnetic charge dipole y is given by: 

]? = ( y . 7 ) t 

a. By expanding the expression for the force on a current loop (see the 
vector identities on page 3)» discuss in terms of local sources of the 
magnetic field the conditions under which the forces would be different. 

b. Propose an experiment using external electric and/or magnetic fields 
that could in principle determine whether the magnetic moment of a 


nucleus arises from electric current or from magnetic charge 
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3. Cavity fields . A ferroelectric material may be polarized even in the 
absence of an electric field within the material. Take the polarization 
density g to be uniform over an extended region of such a material and 
the electric field g to be zero. A small cavity is now cut into the 
material without disturbing the polarization density elsewhere. Find 
the electric field within the cavities described below. Also describe 
the electric field, if any, in the vicinity of the cavity. 

a. A long needle-shaped cavity whose axis is parallel to the polarization 
of the medium. 

b. A thin disc whose plane is normal to the polarization of the medium. 

c. A small spherical cavity. 

4. Thomson scattering . An oscillating electric dipole p(t) develops radiation 

fields: , 2 

SI: g (r, t) --— - x —* p (t - r/c) 

4 ^ rc 91 

g (?, t) - - c r x g (?, t) 

2 

r 9 

CGS: g (r, t) = - —x ——^ p (t—r/c) 

rc 91 

g (r, t) = - r x g (r, t) 

a. A charge q at the origin is driven by a plane linearly polarized 
electromagnetic wave of frequency u> and electric field amplitude gg. 
Obtain in vector form the radiated electromagnetic fields. 

b. Sketch the directions of g and g at a field position r. Describe the 
state of polarization of the radiated fields. 

c. Find the angular dependence of the radiation intensity in terms of the 
spherical angles e and <j> , where the z axis is the direction of 
propagation of the incident wave and the x axis is the direction of 
polarization of the incident wave. 



5. Fresnel biprism . A fresnel biprism of refractive 
index n and small equal base angles a is 
constructed as shown in the sketch to the 
right. 

a. A ray of light incident from the left 
normal to the base of the prism may enter 
either the upper or lower half. Obtain 
the angular deviation 6 for the two cases. 

Assume a small. Draw and label a sketch. 

b. A plane wave is incident normal to the 
base of the prism, illuminating the entire 
prism. Fringes are observed in the trans¬ 
mitted light falling on a screen parallel 
to the base of the prism. What is the origin 
of these fringes? Obtain an expression for 
the fringe separation in terms of the angle 
of deviation 0 of an incident ray. Draw 
and label a sketch. 

c. With a glass biprism in yellow light a fringe separation of 100 pm (10 cm) 
is observed. Estimate in degrees the base angles a of the prism. Indicate 

and justify your choice of refractive index and wavelength of yellow light. 



VECTOR IDENTITIES 

t x ( 3 x<* ) = $ ( 1 . $ ) - V ( t . $ ) 

V • ( 1 x3 ) = 3 • ( Jxt ) -t . ( ) 

vx(^xg)4(^.f )-(^’V)f-3(v 
v(£-i?) = (]r.v)g + £x(vxg) + (3.?)£ + gx(?x:n 
4(?4) + (lx?)xg^(v"4) + (3x^)xr 
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Heat, Thermodynamics and Statistical Mechanics 
Answer all 5 questions (20 points each). Closed book. 

1. The entropy of water at atmospheric pressure and 100° C is 0.31 cal/gm*deg, 

and the entropy of steam at the same temperature and pressure is 1.76 cal/gm*deg. 

What is the heat of vaporization at this temperature? 

The enthalpy (H = U + PV) of steam under these conditions is 640 
calories/gm. Calculate the enthalpy of water under these conditions. 
Calculate the Gibbs function (G = H-TS) of water and steam under these 
conditions. 

Prove that the Gibbs function does not change?in a reversible isothermal 
isobaric process. 

Show that for a photon gas P = . 

Using thermodynamic arguments (First and Secopd Laws), and the above 
relationship between pressure and energy density, obtain the dependence 
of the energy density on the temperature in a photon gas. 

3. An insulated box of volume 2V is divided into two equal parts by a thin, 

f 

heat-conducting partition. One side contains a gas of hard-sphere molecules 
at atmospheric pressure and T = 293° K. 

a) Show that the number of molecules striking the partition per unit area 

and unit time is . 

4 

b) A small round hole of radius r is opened in the partition, small enough 
so that thermal equilibrium between the two sides is maintained via 
heat conduction through the partition. Calculate the pressure and 
temperature as a function of time in both halves of the box. 

c) Suppose the partition is a non-conductor of heat. Discuss briefly and 
qualitatively any deviations from the time-dependence of temperature 
and pressure found in part b). 


a) 

b) 

c) 

d) 

2. a) 
b) 



Consider the energy and fluctuation in energy of an arbitrary system in 
contact with a heat reservoir at absolute temperature T = . 

a) Show that the average energy E of the system is E = -( - v — ), 

dp 


-BE 


where Z = £ e 
n 


n . 


is the sum over all states of the system. 

2 

b) Obtain an expression for E in terms of derivatives of &n Z. 


7 2-2 

c) Calculate the dispersion of the energy (AE) = E - E . 

% “ ) % 

d) Show that the standard deviation AE =\ (AE) 2 / can be expressed in 

terms of the heat capacity of the system and the absolute temperature. 

% _ 

e) Use this result to derive an expression for AE/E for an ideal monatomic 
gas. 


The elasticity of a rubber band can be described in terms of a one-dimensional 
model of a polymer involving N molecules linked together end-to-end. The 
angle between successive links is equally likely to be 0° or 180°. 


I 

r---Mi 


14 


l 


—*®>— 

f 



N molecules (N = constant) 
d = length of one link 



a) 


Show that the number of arrangements that give an overall length of 
L = 2md is given by 


g(N,m) 



2(N!) 

m)! (j - m)! 


where m is positive. 


Indicate clearly the reasoning you used to get this result. 

b) For m << N, this expression becomes 2 m ^ 

g(N,m) a g(N,0) e N . 

Find the entropy of the system as a function of L for N » 1, L << Nd 

c) Find the force required to maintain the length L for L << Nd. 

d) Find the relationship between the force and the length, without using 
the condition in c), i.e., for any possible value of L, but N » 1. 
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QUANTUM PHYSICS 

The examination consists of two parts: 


Part I : Attempt all three (3) questions in this part. 
Part II: Choose only one (1) question out of the three 
from this part. 

All four (4) questions carry equal weight of 25 points each. 

Use the blue books that are provided. Necessary numerical data 
are given in the text of some problems. A page of' possibly 
relevant integrals is appended. 


PART I (Do all three problems) 

1. A particle of mass m and charge q is bound to the origin by a spherically 
symmetric linear restoring force. The energy levels are equally spaced at intervals 
lico 0 above the ground state energy, E Q = 3 ftoo 0 /2. The states can be described 
alternatively in a cartesian basis (three one-dimensional harmonic oscillators) 
or in a spherical basis (central field, separated into angular and radial motions). 

(a) In the cartesian basis, tabulate the occupation numbers of the various states 
of the oscillators for the ground and first three excited levels. Determine the 
total degeneracy of each of these levels. 

(b) In the spherical basis, write down (do not solve) the radial equation of motion. 
(Note that in spherical coordinates, 

o i T 2 

„2 1 9 , N L . 2 

v “ r 2 -2 ’ w “ere L is the operator of total orbital angular 

8r r 

2 

momentum squared in units of ft .) 

Identify the effective potential and sketch it. For a given angular momentum, sketch 
the "ground" state radial wave function (for that £ value) and also the radial wave 
functions for the next two states of the same £. 

(c) For the four levels of part (a), write down the angular momentum content and 
the parity of the states in each level. Compare the total degeneracies with the 
answers in (a). 

(d) Does the second excited state (E 2 = 7 hWg/2) have a linear Stark effect? Why 
or why not? Compare similarities and differences between this oscillator level and 


the second excited level (n — 3) of the nonrelativistic hydrogen atom. 
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2. Positronium is a hydrogen atom, but with a positron as "nucleus" instead of a 
proton. In the nonrelativistic limit, the energy levels and wave functions are the 
same as for hydrogen, except for scale. 

(a) From your knowledge of the hydrogen atom, write down the normalized wave function 
for the Is ground state of positronium. Use spherical coordinates and the hydrogenlc 
Bohr radius a^ as a scale parameter. 

(b) Evaluate the root mean square radius for the Is state in units of . 

Is this an estimate of the physical diameter or the radius of positronium? 

(c) In the s-states of positronium there is a contact hyperf.ine interaction. 


H 


int 


8tt 

3 


6 ( r ) 


~r -r -> 0 -> 

where y^ and y^ are the electron and positron magnetic moments ( y = g ■ s ). 

For electrons and positrons, | g | = 2. Using first-order perturbation theory, 
compute the energy difference between the singlet and triplet ground states. 
Determine which state lies lowest. Express the energy splitting in GHz (i.e., 
the energy divided by Planck's constant). GET A NUMBER! 


a 0 = 0.529 x 10 8 cm, e 2 /a Q = 27.2 eV, e 2 /hc = 1/137, h = 2irh = 4.13 x 10“ 15 eV-sec. 

3. A spin 1/2 system with magnetic moment y = y^cx is located in a uniform, 
time-independent magnetic field B^ in the positive z_ direction. For the time interval, 
0 < t < T, an additional uniform, time-independent field B^ is applied in the positive 
x direction. During this interval, the system is again in a uniform, constant magnetic 
field, but of different magnitude and direction (z') from the initial one. At and 
before t = 0, the system is in the m = 1/2 state with respect to the z-axis. 

(a) At t = 0 + , what are the amplitudes for finding the system with spin projections 
m' = ±1/2 with respect to the z' direction? 

(b) What is the time development of the energy eigenstates with respect to the 
z' direction, during the time interval, 0 < t < T ? 

(c) What is the probability amplitude at t = T of observing the system in the 
spin state m = -1/2 along the original z-axis? 

(Express your answers in terms of the angle 0 between the z and z' axes and the 
frequency Wq = y Q B 0 /fi .) 
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PART II (Do one out of three) 

4. A particle of mass m moves with zero angular momentum in a spherically symmetric 
attractive potential V(r). 

(a) Write down the differential equation of radial motion, defining your radial 
wave function carefully and specifying the boundary conditions on it for bound 
states. What is the WBK eigenvalue condition for s-states in such a potential? 

(Be careful to incorporate in your one-dimensional WKB analysis the constraints of 
radial motion (0 < r < °°) ) . 

(b) For V(r) = -V^ exp(-r/a), use the WKB relation to estimate the minimum value 

of V_ such that there will be one and only one bound state, just barely bound. Compare 

^ 2 2 

your value to the exact result for the exponential potential, 2mV^a /h =1.44. 

5. A particle of mass m is scattered by a potential, V(r) = Vq exp(-r/a). 

(a) Find the differential scattering cross section in the first Born approximation. 
Sketch the angular dependence for small and large k, where k is the wave number of 
the particle being scattered. At what k value does the scattering begin to be 
significantly nonisotropic? Compare this value with the one given by elementary 
arguments based on angular momentum. 

(b) The criterion for the validity of the Born approximation is 

|A¥ (1) ( 0 )/'F (0) (0) | « 1 , where is the first order correction to the incident 

plane wave, . Evaluate this criterion explicitly for the present potential. 

What is the low-k limit of your result? Relate it to the strength of the attractive 
potential required for the existence of bound states (see the statement of problem 
4(b) ). Is the high-k limit of the criterion less or more restrictive on the strength 
of the potential? 


6 . For a one-dimensional harmonic oscillator, introduction of the dimensionless 

1/2 

coordinate and energy variables, y = xOnWg/h) and = 2 E n /hojp , gives a 
Schrodinger equation with kinetic energy operator, 

-d 2 2 

T = —— and potential energy, V = y 

dy 


(a) Using the fact that the only non-vanishing dipole matrix element is 




(and its Hermitean conjugate), find values for all the non- 


<n+l | 3 

vanishing matrix elements of y^ that connect to the ground state, jo^ . 

3 

(b) The oscillator is perturbed by an anharmonic potential, V* = ay . Find the 
correction to the ground state energy in lowest non-vanishing order. (If you did 
not get complete answers in part (a), leave your result in terms of clearly defined 
matrix elements, etc.) 



DEFINITE INTEGRALS 


x n e~ ax dx 


n\ 

a n+ 1 


r (/»+ i) 
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[a > 0; n = 1,2, • ■ •], 
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- dx = log -, 

o * a 


J 1 *® g-ax 
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i: 
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e~ ax sin mx dx = 
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x e -01 sin mx dx = 

x 2 e -01 sin mx tfx = 


a 2 + m 2 
2am 


{a 1 + m 2 ) 2 

2m(3a 2 - m 2 ) 
(a 2 + w 2 ) 3 


Re(- a, 0]. 


[a > 0], 


[a > 0], 


[a > 0], 


[a > 0 ]. 


*00 

e~ ax cos mx dx = 
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a 

a 2 + m 2 


[a > 0]. 


x e~ ax cos mx dx = 


a 2 — m 2 
(a 2 + w 2 ) 2 


x 2 e -01 cos mx 


2a(a 2 — 3m 2 ) 
~{a 2 + m l f ’ 


[a > 0]. 


[a > 0], 
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Department of Physics 


FALL 1978 September 23, 1978 

PRELIMINARY EXAMINATION 9:00 - 12 noon 

Room 10 Evans 


Mechanics and Special Relativity 


Please show all your work. 

1. A particle moves without friction'on 
the inside wall of an axially 
symmetric vessel given by 

1 i / 2 , 2 . 

z = — b (x + y ) 

where b is a constant and z is in the 
vertical direction. 




(10 pts) a. The particle is moving in a circular orbit at height z = z Q . 

Obtain its energy and angular momentum in terms of z^, b, g 
(gravitational acceleration), and the mass m of the particle. 


(10 pts) b. The particle in the horizontal circular orbit is poked 

downwards slightly. Obtain the frequency of oscillation 
about the unperturbed orbit, for very small oscillation 
amplitude. 
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A simple pendulum of length L is 
suspended at the rim of a wheel of 
radius b which rotates within the 
vertical plane with constant 
angular velocity ft. We consider 
only the motion in which the bob 
of the pendulum swings in the plane 
of the wheel. 



(10 pts) a. Write an exact differential equation of motion for the 

angle of oscillation 0 of the bob. Also write a simplified 
form valid when the oscillation amplitude is very small. 


(10 pts) b. Assume that both the radius b and the oscillation amplitude 
of the bob are very small. Give an approximate steady-stat 
solution of the equation of motion valid under these 
assumptions. 

(You may ignore transients which will die out if there is 
slight dissipation.) 


3. A thin uniform stick of mass m 
with its bottom end resting on 
a frictionless table is released 
from rest at an angle 0^ to the 
vertical. Find the force exerted 
by the table upon the stick at an 
infinitesimally small time after 
release. 
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(20 pts) 4. 


A beam of 10^ K° mesons per second with 8 =v/c = 1/Jl is observed 
Li 

to interact with a lead brick according to the reaction 
+ Brick -*■ K° + Brick 


with the internal state of the lead brick identical before and 
after the reaction. The directions of motion of the incoming 
and outgoing K° may also be considered to be identical. 
(This is called coherent regeneration.) 

Using m(K ) = 5 x 10^ eV/c^, 

Li 

m(K^) - m(K<J * 3.5 x 10 6 eV/c^, 

give the magnitude and direction of the average force (either 
in dynes or in newtons) exerted on the brick by this process. 


(20 pts) 5. 


Three equal point masses m move on 
a circle of radius b under the 
forces derivable from the 
potential energy 


V(a,B,Y) 


Vq [ e a + e ^ + e Y 



where a,B,Y are their angular separations in 

»n 

radians. When a = 8 * y * 2tt/3, the system is in equilibrium. 
Find the normal mode frequencies for small departure from 
equilibrium. 

(Note that a,8,Y are not independent since a + 8 + Y - 2tt.) 



University of California Berkeley 
Department of Physics 


FALL 1978 

PRELIMINARY EXAMINATION 


September 23, 1978 


1:15 - 4:15 pin 
Room 10 Evans 


Electricity and Magnetism, Including Optics 


Please show all your work and indicate clearly what system of units you are 
using. 


1. A parallel plate capacitor 

(circular plates of radius b, 
plate separation d) is charged 
to a potential difference V. 


(10 pts) a. 


(10 pts) b. 



Find the magnitude of the 
electric field (to within a numerical factor of order 
unity) at a large distance R from the capacitor (R > b ^ d). 

A small neutral conducting sphere of radius r Q (r Q < R) is 
placed at the point at which the field has been calculated 
in part a. Find (again to within a numerical factor of 
order unity) the magnitude of the force between the sphere 
and the capacitor. 


2. Two perfectly conducting concentric 

spherical shells of radii a,b are given an 
initial potential difference V . A thin 
wire of resistance R is connected radially 
from one shell to the other to permit 
a discharge. 

(6 pts) a. What is the current in the wire as a function of time t? 

(Assume time constant ^ b/velocity of light.) 

b. Calculate the magnetic field between the shells (outside the 
wire) at any point (r, 0, <p) as a function of time. (Take 
9*0 along the wire.) If you cannot calculate the general 
answer, try to give values of the field for particularly 
simple choices of (r, 6, p). 



(14 pts) 
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3. A magnetic dipole m is moved from 
infinitely far away to a point on 
the axis of a fixed perfectly 
conducting (zero resistance) circular 
loop of radius b and self-inductance L. 

In its final position the dipole is 
oriented along the loop axis and is at a distance z from the center of 
the loop. Initially, when the dipole is very far away, the current in 
the loop is zero. 

(10 pts) a. Calculate the current in the loop when the dipole is in its 
final position. 

(10 pts) b. Calculate at the same position the force between the dipole 
and the loop. 



'20 pts) A. A linearly polarized electromagnetic wave (wave length A) is 

scattered by a small dielectric cylinder of radius b, height h, and 
dielectric constant K (b h < A). The axis of the cylinder is normal 
to the incident wave vector and parallel to the electric field of the 
incident wave. Find the total scattering cross section. 


5. Light of unknown polarization is examined with a Polaroid and found 

to exhibit maximum transmitted intensity I = I„ for vertical 

max 0 

polarization plane and minimum intensity I = 2Iq/3 for horizontal 
polarization plane. 

(10 pts) a. Can one, from this information, determine the intensity 

transmitted through the polaroid at any angle 0 relative to 
the vertical? If so, state 1(0) in terms of I and 0. 

(10 pts) b. The light is passed through a quarter-wave plate with axes 
vertical and horizontal, and then through the polaroid. 
After the polaroid the maximum intensity is at an angle of 
30° to the vertical. State as much as you can about the 
polarization of the incident light (unpolarized fraction, 
locations of major and minor axes of elliptic polarization, 
relative intensities along major and minor axes). 



FALL 1978 


University of California, Berkeley 
Department of Physics 


September 30, 1978 


PRELIMINARY EXAMINATION 9:00 - 12: 00 Noon 

Room 4 Le Conte 

Heat, Thermodynamics and Statistical Mechanics 
Please show all your work. 

1. Consider a two-dimensional ideal monatomic gas of N molecules of 
mass M at temperature T constrained to move- only in the xy plane. 
The usual volume becomes in this case an area A, and the pressure P 
is the force per unit length (rather than the force per unit area). 

(6 pts) (a) Give an expression for f(v) dv, the total number of molecules with 
speeds between v and v + dv. (Assume that the classical limit is 
applicable in considering the behavior of these molecules). 

(3 pts) (b) Give the equation of state (relating pressure, temperature etc.). 

(3 pts) (c) Give the specific heats at constant area (2 dimensional analogue 
of specific heat at constant volume) and at constant pressure. 

(d) Derive a formula for the number of molecules striking unit length 
of the wall per unit time. Express your result in terms of N, A, 

T, M and any other necessary constants. 


(8 pts) 
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2. A cylindrical container is initially 
separated by a clamped piston into 
two compartments of equal volume. 

The left compartment is filled with 
one mole of neon gas at a pressure iWiTIAi» ;»TAT£ 

of 4 atmospheres and the right with 

argon gas at one atmosphere. The gases may be considered as ideal. 

The whole system is initially at temperature T = 300°K, and is 
thermally insulated from the outside world. The heat capacity of 
the cylinder-piston system is C (a constant). 

The piston is now unclamped and released to move freely without 
friction. Eventually, due to slight dissipation, it comes to rest 
in an equilibrium position. Calculate: 

4 pts) (a) The new temperature of the system (the piston is thermally conductive) 
4 pts) (b) The ratio of final neon to argon volumes. 

4 pts) (c) The total entropy change of the system. 

4 pts) (d) The additional entropy change which would be produced if the piston 
were removed. 

4 pts) (e) If, in the initial state, the gas in the left compartment were a mole 

of argon instead of a mole of neon, which, if any, of the answers to 

(a), (b), (c), (d) would be different? 



3. Suppose that the ionosphere is in thermal equilibrium at temperature T. 
It consists of electrons (mass m) and singly-charged ions (mass M). 

If there were no large-scale electric field, the electrons and ions 
would have very different scale heights, kT/(mg) and kT/(Hg), 
respectively. This would produce a large electric field, thereby 
modifying the density vs. height relation. 

Taking into account the electrostatic field, find 

(a) the density-height relation, 

(b) the magnitude (and direction) of the self-consistent electric field 

(c) the numerical value of E if the ions are protons. 

(You may ignore the curvature of the earth’s surface. It may be helpful 
to know that the electric field turns out to be uniform.) 


M4- 
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4. One kilogram of water is heated by an electric resistor from 20°C 
to 99°C at constant (atmospheric) pressure. Estimate: 

(a) The change in internal energy of the water. 

(b) The entropy change of the water. 

(c) The factor by which the number of accessible quantum states of the 
water is increased. 

(d) The maximum mechanical work achievable by using this water as a 
heat reservoir to run an engine whose heat sink is at 20°C. 

5. The speed of sound (eg) in a dilute gas like air is given by the 
adiabatic compressibility: 

2 r . | .-1 kT 

C s = [op/.pig] = Y — 

(M is a mean molecular mass, k is the Boltzmann constant, y is the 
specific-neat ratio.) 

(12 pts) (a) Estimate numerically, for air at room temperature: 

(i) the speed of sound; 

(ii) the mean molecular collision frequency 

(iii) the molecular mean free path; 

(iv) the ratio of mean free path to typical wave length; 

(v) the ratio of typical wave frequency to collision frequency. 
(Use v = 300 Hz as typical wave frequency.) 

(S pts) (b) Use the ratios found above to explain why adiabatic conditions are 


5 pts) 
5 pts) 
5 pts) 

5 pts) 


relevant for sound. 
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Department of Physics 


FALL 1978 

PRELIMINARY EXAMINATION 


Quantum Physics 


September 30, 1978 

1:15 - 4:15 p.m. 
Room 4 Le Conte 


Please show-all your work. 

(20 pts) 1. A non-relstivistic particle of mass m undergoes one-dimensional 
motion in the potential 

V(x) = -g [6(x-a) + 6(x+a)] 

where g > 0 is a constant and 6(x) is the Dirac delta function. 

Find the ground-state energy eigenfunction and obtain an equation 
which relates the corresponding energy eigenvalue to the constant g. 

2. A porphyrin ring is a molecule which is present in chlorophyll, 
hemoglobin, and other important compounds. Some aspects of the 
physics of its molecular properties can be described by repre¬ 
senting it as a one-dimensional circular path of radius r = 4 A 
along which 18 electrons are constrained to move. 

(7 pts) (a). Write down the normalized one-particle energy eigenfunctions of 
the system, assuming that the electrons do not interact with 
each other. 

(7 pts) (b). How many electrons are there in each level in the ground state of 
the molecule? 

(6 pts) (c). What is the lowest electronic excitation energy of the molecule? 

What is the corresponding wave length (give a numerical value) 
at which the molecule can absorb radiation? 
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(20 pts) 3. A particle of charge e is confined to a three-dimensional cubical 
box of side 2b. An electric field E given by 

0 t < 0 

-* -at _ . . . 

E Q e t > 0 (a = positive constant) 

is applied to the system. The vector E Q is perpendicular to one 
of the surfaces of the box. Calculate to lowest order in E 0 the 
probability that the charged particle, in the ground state at 
t = 0, is excited to the first excited state by the time t = °°. 

(If you wish, you can leave your result in terms of properly 

defined dimensionless definite integrals.) 

/ 

(20 pts) 4. A nucleon is scattered elastically from a heavy nucleus. The effect 
of the heavy nucleus can be represented by a fixed potential 

r < R 
r > R, 

where V Q is a positive constant. 

Calculate the differential cross section to the lowest order in V 0 . 
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(10 pts) 5. (a) Specify the dominant multipole [such as El (electric dipole), 

E2, E3..., Ml, M2, M3...] for spontaneous photon emission by an 
excited atomic electron in each of the following transitions. 


(6 pts) 


(4pts) 


2p 

2s 

3d 

2p 

3d 


1/2 - ls 
1/2 13 
3/2 ^ 2s 
3/2 ^ 2p 
3/2 ^ 2p 


1/2 

1/2 

1/2 

1/2 

1/2 


(b) Estimate the transition rate for the first of the above 
transitions in terms of the photon frequency to, the atomic 
radius a, and any other necessary physical constants. Give 
a rough numerical estimate of this rate for a typical atomic 
transition. 

(c) Estimate the ratios of the other transition rates [for the 
other transitions in (a)] relative to the first one in terms 
of the same parameters as in (b). 



UNIVERSITY OF CALIFORNIA, BERKELEY 
DEPARTMENT OF PHYSICS 


9:00-12:00 See 

Spring 1979 Preliminary Examination in Mechanics 5 Special Relativity March 31, 1979 


1. 20 Points 

An antiproton of energy E 0 interacts with a proton at rest to produce two equal 
mass particles, each with mass m x . One of these produced particles is detected 
at an angle of 90° to the incident beam as measured in the laboratory. Calculate 
the total energy (E s ) of this particle and show that it is independent of m x as well 
as E q . 

2. 20 Points 

The crankshaft shown rotates with constant angular velocity w. Calculate the 
resultant forces on the bearings. In a sketch show the direction of these re¬ 
actions and the direction of the angular momentum. (Assume the crankshaft is 
made of thin rods with uniform density). 



3. 20 Points 

A rectangular plate of mass M, length a and width b is supported at each of its 
comers by springs, with spring constant k. The springs are confined so that they 
can move only in the vertical direction. For small amplitudes, find the normal 
modes of vibration and their frequencies. Describe each of the modes. 
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4. A bead of mass m slides without friction on a rotating wire hoop of radius a, whose 
axis of rotation is through a vertical diameter. The constant angular velocity of 
the hoop is oo. 

(a) 10 points 

Write the Lagrangian for the system and find any constants of the motion that exist. 

(b) 10 points 

Locate the positions of equilibrium of the bead for u<us c and us>u Q where 
u) c = /g/a. 

(c) 10 points 

Which of these positions of equilibrium are stable and unstable? 

(d) 10 points 

Calculate the oscillation frequencies of small amplitude vibrations about 
the points of stable equilibrium. 






University of California, Berkeley 
Department of Physics 


SPRING 1979 March 31, 1979 

PRELIMINARY EXAMINATION 1:15 - 4:15 PM 

Room 4 Le Conte Hall 


Electricity and Magnetism (including op tics) 




V = 100 volts 
= 10 ohms 
= 100 ohms 
L = 10 henries 


The resistance of L is negligible. The switch is initially open and the 
current is zero. Find the quantity of heat dissipated in the resistance 
when the switch is closed and remains closed for a long time. Also , find the 
heat dissipated in when the switch, after being closed for a long time, 
is opened and remains open for a long time. (Notice the circuit diagram 
and the list of values for V, R-^, R 0 , and L.) 



2. (15 points) 

A solid-copper ring (torus) has minor radius a_ and major radius tj, such 

that a << b. It is mounted so it can rotate without mechanical friction 

about a diameter, as shown in the diagram. There is a uniform magnetic 

induction B^ that is perpendicular to the rotation axis. The ring is given 

an initial rotation angular velocity oj . Calculate the time in seconds 

^ -1 

for the rotation frequency of the ring to decrease to e of its original 

value under the assumption all losses of rotational energy appear as Joule 

heat. (Copper has electrical conductivity a of 5.0 * 10^ c.g.s. units or 
5 -1 -3 

5.6 x 10 mho-cm , density p of 8.9 gm-cra , and the magnetic induction 

strength is 2C0 gauss or 0.02 Tesla.) You may assume that the change 

in frequency per revolution is small compared to the frequency itself. 

(The moment of inertia of the ring for rotation about a diameter may be 
2 

taken to be Mb /2.) 
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3. (25 points) 

Consider an electromagnetic wave of angular frequency w applied to a solid 
material that is an electrically leaky insulator. The dielectric constant e 
and electrical conductivity a are assumed to be independent of frequency. 

Write out Maxwell's equations in a form suitable for such a medium. 

(a) Express n(cu) and K(u), the real and imaginary parts of the complex 
refractive index n(ui) (n = n + iK), in terms of fundamental parameters 
and the e and c described above. 

(b) For very low (angular) frequency to, obtain the conventional expression 

2 

for the skin depth penetration for E“ into the solid. 

4. (25 points) 

A very long conducting pipe has a square cross section of its inside surface, 
with side D. (The inside surface is technically a cylinder whose cross section 
is a square of side D.) Far from either end of the pipe is suspended a point 
charge of Q coulombs, located at the center of the square cross section. 

(a) Determine the electric potential in volts at all points inside the pipe, 
perhaps in the form of an infinite series. 

(b) Give the asymptotic expression for this potential for points far from 
the point charge. 

(c) Sketch some electric field lines in a region far from the point charge. 

Try to give partial answers even if you cannot answer completely. 

(Hint: avoid using images.) 


c 


-- 1 

•Q 



end view 




5. (20 points) 

The index of refraction of air at 300° K and 1 atmosphere pressure is 
1.0003 in the middle of the visible spectrum. Assuming an isothermal 
atmosphere at 300° K, calculate by what factor the earth's atmosphere 
would have to be more dense to cause light to bend around the earth with 
the earth's curvature at sea level. (In cloudless skies we could then 
watch sunset all night, in principle, but with an image of the sun 
drastically compressed vertically.) You may assume that the index of 
refraction n has the property that n - 1 is proportional to the density,. 
(Hint: Think of Fermat's Principle.) The 1/e height of this isothermal 
atmosphere is 8700 meters. 
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Department of Physics 
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PRELIMINARY EXAMINATION 9:00 - 12:00pm 

Room 4 Le Conte 

Heat, Thermodynamics, and Statistical Mechanics 

20 pts 1. The specific heat of water is taken as 1 calorie/gm-°K independent of 
temperature, where 1 calorie = 4.18 joules. 

(a) Define the specific heat of a substance at constant pressure in terms 
of such quantities as Q (heat), S (entropy), and T (temperature). 

(b) One kg of water at 0° C is brought into sudden contact with a large 
heat reservoir at 100° C. When the water has reached 100° C, what 
has been the change in entropy of the water? Of the reservoir? Of 
the entire system consisting of both water and the heat reservoir? 

(c) If the water had been heated from 0° C to 100° C by first bringing it 
into contact with a. reservoir at 50° C and then another reservoir at 
100° C, what would be the change in entropy of the entire system? 

(d) Show how the water might be heated from 0° C to 100° C with negligible 
change in entropy of the entire system. 

20 pts 2. Give Boltzmann’s statistical definition of entropy and present its physical 
meaning briefly but clearly. A two level system of N = n^ + n,, particles 
is distributed among two eigenstates 1 and 2 with eigenenergies E and 
The system is in contact with a heat 

reservoir at temperature T. If a E 2’ n 2 

single quantum emission into the n 

t r n i 

reservoir occurs, population changes 
n^ -*• n 7 -l and n -* n +1 take place in 

the system. For n^ >> 1 and n 0 >> 1, obtain the expression for the entropy 
change of 

(b) the two level system, and of 

(c) the reservoir, and finally 

(d) from (b) and (c) derive the Boltzmann relation for the ratio n /n ? . 
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20 pts 3. Estimate to within an order of magnitude on the basis cf kinetic theory, 

^ the heat conductivity of a gas in terms of its temperature, density, 

molecular weight, and heat capacity at constant volume. Make your own 
estimates of collision cross-sections and molecular mean free paths. You 
may restrict your attention to pressures near atmospheric, temperatures 
near room temperature and dimensions of the order of centimeters or meters. 

Do not concern yourself with heat transfer by convection, 

(k = 1.38 x io“ 16 erg-K' 1 .) 

15 pts 4. When there is heat flow in a heat conducting material, there is an increase 
in entropy. Find the local rate of entropy generation per unit volume in a 
heat conductor of given heat conductivity and given temperature gradient. 

25 pts 5. A simple harmonic one-dimensional oscillator has energy levels E^ = (n + 1/2'ihai, 
where w is the characteristic oscillator frequency and n = 0,1,2.... 

(a) Suppose the oscillator is in thermal contact with a heat reservoir at 
temperature T, with kT/hu << 1. Find the mean energy of the oscillator 
as a function of the temperature T. 

(b) For a two dimensional oscillator, n = n + n where E_ = (n + l/2)hm , 

z , x y n x x x 

E n ^ = (Hy + l/2)ftcu , and n^ = 0,1,2_and n^ = 0,1,2..., what is the 

partition function for this case for any value of temperature? Reduce 

it to the degenerate case u> = u> . 

x y 

(c) If a one-dimensional classical anharmonic oscillator has potential 

2 3 3 2 

energy V(x) = cx - gx , where gx << cx , at equilibrium temperature T, 
carry out the calculus as far as you can and give expressions as a 
function of temperature for 

(i) the heat capacity per oscillator and 
(ii) the mean value of position x of the oscillator. 
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Department of Physics 


SPRING 1979 April 7, 1979 

1:15 - 4:15 PM 

PRELIMINARY EXAMINATION Room 4 Le Conte Hall 


Quantum Physics 


(25 pt) 1, (a) Show that the parity operator commutes with the orbital angular 

momentum operator. What is the parity quantum number of the 

spherical harmonic Y. (9,$)? 

Jem 


(b) Show that for a one-dimensional harmonic oscillator in state 

“ (n + -j) hw that 

< Ax 2 > < Ap 2 ) - (n + b 2 h 2 

n n Z 

(c) Consider the rotations of a hydrogen molecule H^, What are its 
rotational energy levels? How does the identity of the two nuclei 
affect this spectrum? What type of radiative transitions occur 
between these levels? Remember that the proton is a fermion. 

(d) Show that (n*o) « 1 where n is a unit normal in an arbitrary 

direction and a are the Pauli Spin Matrices. 


(25 pt) 2. Consider an electron moving in a spherically symmetric potential 

V(r) * kr (k > 0) 

(a) Use tne uncertainty principle to estimate the ground state energy. 

(b) Use the 3ohr-Sommerfeld quantization rule to calculate the ground 
state energy. 

(c) Do the same using the variational principle and a trial 
wavefunction of your own choice. 

(d) Solve for the energy eigenvalue and eigenfunction exactly for the 
ground state. (Hint: Use Fourier transforms.) 

(e) Write down the effective potential for non-zero angular momentum 

states. 


CONTINUED 
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(25 pt) 3. An electron is moving in one dimension (x) subject to the periodic 
boundary condition that the wavefunction reproduces itself after a 
length L (L is large). 

(a) What is the Hamiltonian for the free particle, and what are the 

stationary states of the system? What is the degeneracy of these 
states? 


(b) Now add a perturbation 

V(x) = e cos qx 

where qL = 2 ttN (N is a large integer) recalculate the energy 
levels and stationary states to first order in e for an electron 
momentum of q/2. 

2 

(c) Calculate the correction to the energy of order e to your answer 
in part (b) 

(d) Repeat part (b) for electron momentum near, but not equal, to q/2. 
(Omit the calculation for stationary states.) 


(25 pt) 4. Calculate the Green's function for a nonrelativistic electron in the potential 


V(x,y,z 



0 


x < 0, all y, z 
x > 0, all y, z 


and evaluate |G(r,r’,t) | ^. Describe the evolution in time of the pattern 
of probability and interpret physically the reason for this behavior. 



Useful Information 



dx » 



+ -j-i -i-.!.!-* -j-h 

r 3r r sin 0 99 30 r sin 


For a simple harmonic oscillator 


1 + /n \ 

ax ■ - (a + a ) where a * f 

vT 


h \—1/2 


gp - —i— i(a - a + ) where 3 * (muift) 

/r 
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Fall 1979 CLASSICAL PHYSICS 

PRELIMINARY EXAMINATION 21 September 1979 

(20 pts) 1. A 100 m solar panel is coupled to a flywheel such that it converts 

incident sunlight into mechanical energy of rotation with 1% efficiency. 

(a) With what angular velocity would a solid cylindrical flywheel of 

mass 500 kg and 50 cm radius be rotating (if it started at rest) at 

the end of 8 hours of exposure of the solar panel? Take the solar 

2 

constant to be 2 cal/cn /min for the full time interval. 

(1 cal = 4.2 Joules.) 

(b) Suppose the flywheel whose axle is horizontal were suddenly released 
from its stationary bearings and allowed to start rolling alonq a 
horizontal surface with kinetic coefficient of friction, p - 0.1. 

How far will it roll before it stops slipping? 

(c) With what speed is the center of mass moving at that moment? 

(d) How much energy was dissipated in heat? 

(20 pts) 2. Two equal point masses M are connected by a massless rigid rod of 

length 2A (a dumbbell) which is constrained to rotate about an axle which 
is fixed to the center of the rod at an anale 0. The center of the rod 
is at the origin of coordinates, the axle alonq the z-axis, and the 
dumbbell lies in the x-z plane at t = 0. The anqular velocity d is a 
constant in time, and is directed along the z-axis. 

(a) Calculate all elements of the Inertia Tensor. (Be sure to specify 
the coordinate system you use.) 

(b) Using the elements just calculated, find the angular momentum of 
the dumbbell in the laboratory frame as a function of time. 

(c) Using the equation L = r * p, calculate the anqular momentum, and 
show that it is equal to the answer for part (b). 

(d) Calculate the torque on the axle as a function of time. 

(e) Calculate the kinetic energy of the dumbbell. 
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(20 pts) 3 . A common lecture demonstration is as follows: hold or clamp a one-meter 
long, thin aluminum bar at the center, strike one end longitudinally 
(i.e., parallel to the axis of the bar) with a hammer, and the result is 
a sound wave of frequency 2500 Hz. 

(a) From this experiment, calculate the speed of sound in air. 

(b) From this experiment, calculate the speed of sound in aluminum. 

(c) Where might you hold the bar to excite a frequency of 3750 Hz? Explain. 

Does it matter which end of the bar is struck? Explain. 

(d) Suppose you hold the bar at the center as before, but strike the bar 

transverse to its length, rather than longitudinally. Qualitatively 
explain why the resultant sound wave Is of lower frequency than before. 

(20 pts) 4 # Three point-like masses (two of them equal) and the massless springs (constant k 
connecting them are constrained to move in a frictionless tube of 
radius R. This system Is in a gravitational field (g) as shown. The 
springs are of zero length at equilibrium and the masses may move 
through one another 



Using laarangian methods, find the normal modes of small vibration 
about the position of equilibrium of this system and describe each of 
the modes. 
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(20 pts) 5 . (a) Calculate the momentum of pions (it) that have the same velocity 

as protons having momentum 400 GeV/c. This is the most probable 

momentum that the produced-pions have when 400 GeV/c protons 

strike the target at Fermilab. The pion rest mass is 0.14 GeV/c^ 

2 

The proton rest mass is .94 GeV/c . 

(b) These pions then travel down a decay pipe of 400 meters length 
where some of them decay to produce the neutrino beam for the 
neutrino detector located more than 1 kilometer away. 

What fraction of the pions decay In the 400 meters? The pions' 

O 

proper mean lifetime is 2.6 * 10 “ sec. 




(c) What is the length of the decay pipe as measured by observers in the 
pion rest frame? 

(d) The pion (it) decays into a muon (p) and a neutrino (v). (The neutrino 

has zero rest-mass.) Using the relationship between total relativistic 

energy and momentum show that the magnitude of the decay franments' momentum 

^2 _ 

in the pion rest frame, q, is given by o/c = - - ^ J — , where M is the 
P'ion rest mass and m is the muon rest mass. 

(e) The neutrino detectors are, on the average, approximately 1.2 km from 
the point where the pions decay. How large should the transverse 
dimension (radius) of the detectors be in order to have a chance of 
detecting all neutrinos that are produced in the forward hemisphere in 
the pion rest frame? 
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(20 pts) 6. The pions that are produced when protons strike the target 

at Fermilab are not all moving parallel to the initial proton beam. A 
focussing device, called a "horn", (actually two of them are used in 
series) is used to deflect the pions so as to cause them to move more 
nearly in the proton beam direction. This de/ice consists of an inner 
cylindrical conductor along which a current flows in one direction and an 
outer cylindrical conductor along which the current returns. Between 
these two surfaces there is produced a toroidal magnetic field that 
deflects the mesons that pass through this region. 



(a) First, calculate the approximate inductance of this horn using the 
dimensions shown in the figure. The current of charged pions and 
protons is negligible compared to the current in the conductors. 

(b) The current is provided by a capacitor bank (C = 2400 x 10 ^ Farads) 
that is discharged (at an appropriate time before the pulse of protons 
strikes the target) into a transmission line that connects the two 
horns. The total inductance of both horns and the transmission line 
is 3.8 xi(f 6 henries. The following circuit diagram shows the system 
with the capacitor charged to Vq volts. 




Vo t r JL- a l v « ■ 14 kV 

! —r— 3 C = 2400 yF 

7 L = 3.8 pH 

*-----* R = 8.5 x 10'3 ohms 

How many seconds after the switch is thrown does it take for the 
current to reach its maximum value? 

(c) What is the maximum current in amps? 

(d) At this time, what is the value of the magnetic field at a distance 
of 15 cm from the axis? 

(e) By what angle would a 100 GeV/c meson be deflected if it traversed 


2 meters of one horn's magnetic field at very nearly this radius 
of 15 cm? 
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(20 pts) 7. Two perfectly conducting disks of radius (a) are separated by a 

distance h (h << a), A solid cylinder of radius (b), length h and 
volume resistivity p fills the center portion of the gap between the 
disks (see diagram). The disks have been connected to a battery for 
an infinite time. 



(a) Calculate the electric field everywhere in the gap as a function of 
tine (quasistatic) after the battery has been disconnected from the 
capacitor. Neglect edge effects and inductance. 

(b) Calculate $ everywhere within the gap as a function of time and 
distance r, from the axis of the disk. 

(c) Calculate the Poynting vector in the space between the plates. 
Explain qualitatively its direction at r - a and at r = b. 

(d) Show by a detailed calculation for the special case, a = b, that 
the conservation of energy theorem (Poynting's theorem) is satisfied 
in the volume bounded by the plates and r = a. 
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(20 pts) 8< 


(20 pts) 9 . 


Consider a classical model of the hydrogen atom where the electron moves 
in a circular orbit of radius r, 2 

(a) Show that the total energy is W = - 

(b) Since the electron is accelerating it radiates energy according 

dW 2 e^ a 2 

to it = " -r -'—r- . Calculate the time for an electron to spiral from 
J c _g o 

an initial radius of 10 cm to a final radius 10 " 


any instant the orbit is nearly circular. 


cm. Assume that at 


(c) What is the wave length of the radiation emitted when r = 10 ~ 6 cm and 

-8 

when r = 10 cm? 

(d) Show a graph of the portion of the wave train that lies in the plane 

-6 fi 

of the orbit at a time 10 sec after the electron reaches r = 10 cm. 

Draw a sketch and specify the polarization, amplitude, and wave length 

dependence on distance from the center of the orbit. Also show the 

direction of the magnetic field. 


A continuous wave laser emits linearly polarized plane wave trains of 
quasi-monochromatic light of frequency v Q = 5 * 10 14 Hz. The wave trains 
are on the average 1 meter long; the average power is 35 milliwatts; the 
beam is circular in cross-section, with a radius of 1 mm. 

(a) What is the amplitude of the electric field at the laser? 

(b) What is the frequency spread of the laser light owing to the finite 
length of the wave trains? If you use a simple equation to calculate 
the spread, give a brief explanation of where this equation comes 
from, but without a formal derivation. 

(c) What is the radius of the beam at a distance of 10,000 meters from the 
laser? Make a sketch of the intensity across the beam (intensity vs 
distance from the axis) at this point. Explain in a few words why the 
intensity is as you draw it. 

(d) We wish to reduce the beam size at 10,000 meters to one-tenth the 
size in (c) above, by using an astronomical telescope. Design such 
a telescope, and show how it should be placed in the laser beam. 
"Design" means to specify what lenses are to be used, their focal 
lengths, diameters, and distance between them. 



-7- 


(10 pts) 


10. (a) Given a region of space where the electric charge density p is 

zero in the entire region. Show that Maxwell's equation can be 
satisfied by an t and $ derived from a vector potential t alone 
(that Is, the scalar potential 4> may be set to zero). Show the 

- 4 - 

field equations for A(r,t). 

(b) Consider fields in this region given in Cartesian coordinates by: 

? = EgZ Eq a constant. 

§ * 0 

Construct the vector potential A that gives this field with <t> = 0, 

(c) The Lagrangian for a particle of electric charge q is given by 


L = T-q4> + ^-A*v (gaussian units) 

where T is the kinetic energy (non relativistic) 

<$> is the scalar potential 
t, is the vector potential 
v is the particle velocity. 

Using the potentials from part (b) write the Lagrangian. Find the 
equations of motion and show that they are identical to the equations 
of motion derived in the more elementary way. 


(10 pts) n. Given a rectangular cavity with perfectly conducting walls. The dimensions 

are a, 6, y with a < g < y. Find the lowest frequency at which electromagnetic 
fields resonate in this cavity. Write expressions for the electric and 
magnetic fields for this mode as a function of position and time. It is 
not necessary for you to show any more of the derivation than you need to 
convince yourself that your answer is correct. Make a sketch of the field 
in the cavity showing the orientation and relative strengths of the fields. 
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(10 pts) 1. (a) What is the efficiency for a reversible engine operating around the 

indicated cycle, where T is the temperature in °K and S is the entropy 
in joules/°K? 



(10 pts) 2. 


(b) A mass M of a liquid at a temperature T-| is mixed with an equal mass 
of the same liquid at a temperature TThe system is thermally 
insulated. If Cp is the specific heat of the liquid, find the total 
entropy change. Show that the result is always positive. 


Consider N fixed noninteracting magnetic moments each of magnitude p 


O’ 


The system is in thermal equilibrium at temperature T and is in a uniform 
external magnetic field B. Each magnetic moment can be oriented only 
parallel or antiparallel to B. Calculate: 

(a) the partition function 

(b) the specific heat 

(c) the thermal average magnetic moment (M) 

Show that in_the 4-ew' temperature limit the Curie law is satisfied 

_ dM 1 


i. e. 


X = 


dB 


f )• 


(20 pts) 3. Consider a quantum-mechanical gas of non-interacting spin zero bosons, 
each of mass m which are free to move within volume V. 

(a) Find the energy and heat capacity in the very low temperature region. 
Discuss why it is appropriate at low temperatures to put the chemical 
potential equal to zero. 

(b) Show how the calculation is modified for a photon (mass = 0) gas. 
Prove that the energy is proportional to T^. 

Note: Put all integrals in dimensionless form, but do not evaluate. 




(10 pts) 4. 


small 
hoi e 
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OVEN 


col 1 im.i t ing 
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beam 


T> 

VACUUM CHAMBER 


1 meter 


A parallel beam of Be (A = $) atoms is formed by evaporation from an oven 
heated to 1000°K through a small hole. 

(a) If the beam atoms are to traverse a 1 meter path length with less than 

1/e loss resulting from collisions with background gas atoms at room 

temperature (300°K), what should be the pressure in the vacuum chamber? 

_ 1 & 2 

Assume a collision cross-section of 10 cm , and ignore collisions 
between 2 beam atoms. 

(b) What is the mean time (x) for the beam atoms to travel one meter? Show 
how the exact value for t is calculated from the appropriate velocity 
distribution. Do not evaluate integrals. Make a simple argument to 
get a numerical estimate for x. 

(c) If the Be atoms stick to the far wall, estimate the pressure on the 
wall due to the beam where the beam strikes the wall. Assume the 
density of particles in the beam is 10^/cm^. Compare this result 
with the pressure from the background gas. 

(10 pts) 5. The decay of the ?p level in the Hydrogen atom (with emission of a photon 

- 8 

of about 10 ev energy) has a mean lifetime of about 10 sec. 

(a) Using simple El (electric dipole) formulas for scaling, estimate the 

lifetime for electromagnetic emission from an excited nucleus (assume 

2 4 1 

1 Mev energy). (The classical formula dW/dt - p u /3c J may be 

helpful.) 

(b) fxplain--within a couple of powers of 10--the fact that some nuclei 
(called long lived isomers) emit gamma rays, of energy about 100 kev, 
with lifetimes of the order of a year. 
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A particle has mass m, charge q, intrinsic angular momentum £ (s is not 
necessarily equal to % h) and a magnetic dipole moment y = g s. 

The particle moves in a uniform rpagnetic field with a velocity small 
compared to c. 

(a) Write down the Hamiltonian for this system. (The vector potential 
for the uniform magnetic field may be written as A = H 8x£.) 

(b) Derive the quantum mechanical (Heisenberg) equations of motion, from 

this Hamiltonian, for the linear momentum £ and for the angular 

2 

nomentum £. (The A term may be neglected in this nonrelativ istic 
approximation.) 

(Note that the results look exactly like the classical equations of 
motion.) 

(c) Without solving these equations, identify the value of the constant g 
for which the helicity will remain constant. (Helicity is defined 
here as the cosine of the angle between the vectors £ and £.) 

(d) What is the actual value of the constant g for any one of the following 
particles: e, p, n, tt? 

1 pts) 7. Draw qualitatively the energy level diagram for the Silicon atom (atomic 
number 14 and nuclear spin 0) in zero external field, showing all quantum 
numbers for all levels arising from the lowest electron configuration. 

Give reasons for the ordering of the energy levels shown, and identify 
any degeneracies. 

(20 pts) 8. The Deuteron is a bound state of a neutron and a proton in which the two 
spins are coupled with a resultant total angular momentum S = 1. By 
absorbing a gamma ray of more than 2.2 Mev the Deuteron may be disintegrated 
into a free neutron and a free proton. 

(a) Write a wavefunction for the final state in this reaction y + D -*• n + p, 
using plane waves and being sure to include properly the spin 
coordinates for the two particles. Assume that the interaction with 
the gamma ray was via electric dipole coupling. 

(b) Suppose the neutron and the proton are to be detected far apart from 

one another after the disintegration of the Deuteron. Looking at this in 
the center-of-mass system, what correlations will be found in time, in 
space , and in spin ? Assume that the target consisted of unpolarized 
Deuterons. (You may use the following definition of spin correlation: 

If a proton is detected with spin "up", what is the probability 
that the corresponding neutron will al c o be detected with spin "un"zi 
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(20 pts) 9. A particle of mass m moves (-lon-relativistically) in the three dimensional 
potential V = j k (x c + y 2 + z 2 + Axy). 

(a) Consider A as a small parameter and calculate the ground state energy 
through second order perturbation theory. 

(b) Consider A as a small parameter and calculate the first excited energy 
levels to first order in perturbation theory. 

Formulas from the standard solution of the one-dimensional harmonic 
osci 1 lator: 

<jj = (k/m) 1 ^ 2 E p = (n + ^-) n = 0 , 1, 2 ,... 

h + 

x * <5C> < a * a > **„ * Vl 

[a,a + ] = 1 a + * n * Jn + 1 <i n+ -| 


(20 pts) 10. 


The following theorem concerns the energy eigenvalues E n (E^ < E^ < E^ <....) 
of the Schrodinger equation in one dimension: 





+ V(x) 


E ip 

n n 


THEOREM: If the potential V^(x) gives the eigenvalues E^ n and the 
potential V^(x) gives the eigenvalues E^ n and 
V-j(x) for all x, then E^ n < 


(a) Prove this theorem. Hint: Consider a potential V(A,x) where 
V(0,x) = V^x) and V(l,x) = V,,(x) and > 0 for all x; 

3E 

calculate -ry- . 



V 

\J 


~r 



(b) Now consider the potential 

uCx) = for 1x1 <a 

a^ for jx ! > a 

We want to determine the number of bound 
states that this potential can hold. Assume 
this number N is » 1. It may be helpful to draw a qualitative 
picture of the wavefunction for the highest bound state. 

Choose a solvable comparison potential and use the Theorem above to 
determine either a rigorous upper bound to N or a rigorous lower bound 
to N. (Both can be done but you are asked for only one.) 
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pts) 11. Elastic scattering from some central potential V may be adequately 
calculated using the first Born approximation. Experimental results 
give the following general behavior of the crossection as a function of 
momentum transfer q = |jc - Jc* |. 



In terms of the parameters shown in the graph: 

(a) What is the approximate size (extension in space) of the potential V? 
(Hint: Expand the Born approximation for the scattering amplitude 

for smal1 q.) 

(b) What is the behavior of the potential V at very small distances? 



BERKELEY: DEPARTMENT OF PHYSICS 


CLASSICAL PHYSICS PRELIMINARY EXAMINATION 
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March 29, 1980 


Write in Bluebooks only; use another book for scratch paper, if necessary. 
Calculators are allowed. No questions are allowed. If the meaning of a 
problem is not clear, state your interpretation, and proceed to a solution. 
Reasonable interpretations will be given credit, if sensible solutions result. 


Quantity 

Symbol 

Gravitational constant 

G 

Avogadro’s number 

tV 0 

Boltzmann's constant 
(microscopic gas 
constant) 

k 

1 

k 

Macroscopic gas 
constant 

R(= N 0 k) 

Quantum unit 
of charge 

e 

Faraday constant 
(1 mole of electricity) 

F(= N 0 e) 

Permittivity of space 

f o (= — 2 ) 

\ Vo c J 

4tte 0 (= 

\ MoC 2 ) 

_i_ / /'qC 2 \ 

4 nc 0 \ 4n / 

Permeability constant 

Vo 


Vo 

An 

Speed of light 

c 


7. IWass 
• 10 3 gm/kg 

453.59 gm/lb 
0.45359 kg/lb 
2.2046 Ib/'kg 

1.66053 x 10~ 27 kg/amu 
6.0222 x 10 26 amu/kg 
6.0222 x 10 23 amu/gm 


Value 


6.67 x 10 n - N m 2 /kg 2 
(or m 3 /kg sec 2 ) 

6.0222 x 10 23 particles/mole 
(or amu/gm) 

I. 3806 x 10- 23 J/K 
8.617 x 10‘ 5 eV/K 

II, 605 K/eV 

8.314 J/mole K. 

1.9872 kcal/kmoie K 

1.60219 x 10- 1Q C 
4.8033 x ID -10 esu 

9.6487 x 10 4 C/mo!e 
2.8926 x 10 14 esu/mole 

8.85419 x 10- 12 C 2 /N m 2 

1.112650 x 10" 10 C 2 /N m 2 

8.98755 x 10 9 N m 2 /C 2 

4 n x 10- 7 N/A 2 
exact, by definition 
or 1.256637 x 10 ~ 6 N/A 2 

exactly 10 -7 N/A 2 
2.997925 x 10 8 m/sec 

14. Electrical quantities 

(Note that 2.9979 is well approx¬ 
imated by 3.00.) 

Charge: 2.9979 x 10 9 esu/C 
Current: 2.9979 x 10 9 fesu/sec)/A 
Potential: 299.79 V/statvolt 
Electric field: 2.9979 x 10 4 
(V/m)/(s ta t vol t/cm) 

• Magnetic field: 10 4 G/T 

• Magnetic flux: 10 s G cm 2 /Wb 

• Pole strength: 10 cgs unit/micheil 

(cgs unit = Verg cm ; 
michell = A m) 



A motor turns a vertical shaft to which is attached a simple pendulum of 
length & and mass m. The pendulum is constrained to move in a plane. 
This plane is rotated at constant angular speed oo by the motor. 

(a) Find the equations of motion of the mass, m. 

(b) Solve the equations of motion, obtaining the position of the mass 
as a function of time, for all possible motions of this system. 

For this part use the small angle approximations. 

(c) Find the angular frequencies of any oscillatory motions. 

(d) Find an expression for the torque that the motor must supply. 

(e) Is the total energy of this system constant in time? Is the 
Hamiltonian function constant in time? Explain briefly. 



You know that the acceleration due to gravity on the surface of the earth 
2 

is 9.8 m/sec , and that the length of a great circle around the earth is 
4 x 10 7 m. 

You are given that the ratios of moon/earth diameters and masses are 

D /D = 0.27 and M /M = 0.0123. 
me me 

respectively. 

(a) Compute the minimum velocity required to escape from the moon's 
gravitational field, when starting from its surface. 

(b) Compare this speed with thermal velocities of oxygen molecules at 
the moon's temperature which reaches 100°C. 




A particle is confined inside a box and can move only along the X-axis. 

The ends of the box move toward the center with a speed small compared 
to the particle's speed. 

(a) If the momentum of the particle is Pq when the walls of the box 

are distance Xq apart, find the momentum of the particle at any later 
time. Collisions with the wall are perfectly elastic. Assume that 
at all times the speed of the particle is much less than the speed 
of light. 

(b) When the walls are a distance X apart what average external force 
must be applied to each wall in order to move it at constant speed V? 



An isolated conducting sphere of radius R is charged to potential V 
and rotated about a diameter at angular speed to. 

(a) Find the magnetic induction, B, at the center of the sphere; 

(b) What is the magnetic dipole moment of the rotating sphere? 

The Shiva laser at Livermore delivers 10 kJ of ly wavelength radiation 

-9 -3 2 

in 10 seconds onto a focal spot of 10 cm area. 

(a) Find the power density, the peak electric field, the energy 
density in the electromagnetic field, and the radiation pressure, 
in practical MKS units. 

(b) If all the energy were absorbed and converted into thermal energy, 

uniformly distributed over a sphere whose size just matches that of 

18 

the focal spot, containing 5 x 10 hydrogen atoms (fully ionized), 
estimate the pressure of this material and show that the radiation 
pressure of the laser light, although huge, is much too low to 
hold the cloud together, and therefore permits free expansion. 
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6. For the circuit shown, the coupling coefficient of mutual inductance for 

the two coils, and L 2 is unity. 

(a) Find the instantaneous current i(t) the oscillator must deliver as a 
function of its frequency. 

(b) What is the average power supplied by the oscillator as a function of 
frequency? 

(c) What is the current when the oscillator frequency equals the 
resonant frequency of the secondary circuit? 

(d) What is the phase angle of the input current with respect to the 
driving voltage as the oscillator frequency approaches the resonant 
frequency of the secondary circuit? 




7. A certain elementary process is observed to produce a relativistic meson 
whose trajectory in a magnetic field B is found to have a curvature given 
by (PB)^ = 2.7 Tesla-meters. 

After considerable energy loss by passage through a medium, the same meson 
is found to have (pB) 9 = 0.34 Tesla-meters while a time-of-flight 
measurement yields a speed of v 2 = 1.8 x 10 m/sec for this "slow" meson. 

(a) Find the rest mass expressed in electron masses and the kinetic 
energies of the meson (in MeV) before and after slowing down 
(2-figure accuracy). 

(b) If this "slow" meson is seen to have a 50% probability of decaying 
in a distance of 4 meters, compute the intrinsic half-life for this 
particle in its own rest frame, as well as the distance that 50% of 
the initial full-energy mesons would travel in the laboratory frame. 
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A double-slit interference is produced by plane parallel light of 
wavelength X passing through two slits of unequal width, say w^ = 20A 
and w ? = 40X, their centers being 1000A apart. If the observation is 
made on a screen very far away from the slits, i.e., at a distance 
L >> 1000A, determine the following features: 

(a) Separation 5x between adjacent maxima. 

(b) Widths Ax^ and Ax^ of the central maxima of the diffraction 
patterns of the two slits individually (i.e., distances between 
the first zeros). 

(c) Hence the number of fringes produced by the overlap of these 
central maxima. 

(d) The intensity ratio between intensity maximum and minimum in 
the center of the pattern. 

(e) An analytic expression for the intensity on the screen as a 
function of x when x = 0 is at the exact center of the pattern. 

Show your reasoning. 
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9. Circularly polarized light falls on a disc of absorbing material. The 

light source delivers a constant power of 1 watt at wavelength 600 nm 
(6 x 10 7 meters). In what follows, assume no light is reflected from the 
surfaces, unless stated otherwise. This is a classical problem. Show how 
you arrive at your answers—some explanation to show that you just didn't 
guess. 

(a) If all the light is absorbed, what is the torque on the disc? 

(b) Now replace the absorbing'disc by one that has a perfectly reflecting 
surface. What is the torque? 

(c) Suppose the disc is a transparent half-wave plate. The light then 
passes through the disc and does not return. Assume there is no 
absorption and that there are no reflections. What is the torque? 

(d) The disc is still a transparent half-wave plate, but above it place a 
quarter-wave plate silvered on its top side so that the light reflects 
and is returned through the half-wave disc. What is the torque on the 



t t t 


incident light 
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10. A resonator for the detection of EM radiation is made of a piece of 
coaxial cable of length L >> R shorted at both ends (see Figure). 

Jr 



(a) Find the expressions E (r,z,t) and H (r,z,t) for the electric and 

n n 

magnetic fields of the fundamental mode (the resonant mode with the 
lowest frequency, n = 1) and its harmonics (n = 2, 3,...) if the 
dielectric constant of the insulating material between center and 
outer conductor is given by e. 

(b) Sketch some flux lines for E and H in the fundamental mode at an 
instant when electric and magnetic energy content are comparable. 
Use arrows to indicate direction of E and H in your sketch assuming 
that 9E/3t > 0 at the instant shown. 

(c) If the resonator is excited by a square wave with a period matching 
that of its fundamental mode (see sketch), find the harmonic modes 
that are excited and their relative amplitudes. 
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Tables of Constants 


Quantity 

Symbol 

Value 

Gravitational constant 

G 

6.67 -x 10“ " N m 2 /kg 2 
(or m 3 /kg sec 2 ) 

Avogadro’s number 

*0 

6.0222 x 10 23 particles/mole 
(or amu/gm) 

Boltzmann's constant 
(microscopic gas 
constant) 

k 

1.3806 x 10 -23 J/K 

8.617 x 10" 5 eV/K 


1 

k 

11,605 K/eV 

Macroscopic gas 
constant 

R(= N 0 k) 

8.314 J/mole K 

1.9872 kcal/kmole K 

Quantum unit 
of charge 

e 

1.60219 x 10-C 

4.8033 x 10" 10 csu 

Faraday constant 
(1 mole of electricity) 

F(= N 0 e) 

9.6487 x 10* C !mole 

2.8926 x 10 14 esu/mole 

Permittivity of space 

" (' t) 

8.85419 x 10- 12 C 2 /N m 2 


4 ”° (■ t) 

1 / /(off) 

4 ne 0 \ An ) 

1.112650 x 10- 10 C 2 /N m 2 

8.98755 x 10 9 N m 2 /C 2 

Permeability constant 

Mo 

An x 10~ 7 N/A 2 
exact, by definition 
or 1.256637 x 10* 6 N/A 2 


Mo 

4;r 

exactly 10 -7 N/A 2 

Speed of light 

c 

2.997925 x 10 s m/sec 





Quantity 


Symbol 


Value 


Planck's constant 


Charge-to-mass ratio 
or electron 

Mass of electron 
Mass of proton 


Mass of neutron 


Intrinsic energy of 
electron 

Intrinsic energy of 
proton 

Intrinsic energy of 
neutron 

Rydberg constant for 
infinitely massive 
nucleus 

Rydberg constant 
for hydrogen 1 

Fine structure 
constant 

Bohr radius 

Compton wavelength 
of the electron 

Reduced Compton 
wavelength of the 
electron 

Bohr magneton 


h 

, / 

h\ 

6.6262 x 10" 34 J sec 

4.1357 x 10 -15 eV sec 

4.1357 x 10 -21 MeV sec 

1.05459 x 10' 34 J sec 

J 

*(- 


6.5822 x 10" 16 eV sec 

6.5822 x 10” 22 MeV sec 


e 


1.75880 x 10 11 C/kg 


m c 


5.2728 x 10 17 esu/gm 


m e 


9.1096 x 10” 31 kg 

5.4859 x 10” 4 amu 


/Wp 


1.67261 x 10' 27 kg 

1.0072766 amu 

1836.11 m c 


m„ 


1.67492 x 10' 27 kg 

1.0086652 amu 

1838.64ot c 


m e c 2 


0.51100 MeV 


m p c 2 


938.26 MeV 

11. 

m n c 2 


939.55 MeV 



r / i \ 2 »v*i 

1.0973731 x 10 7 m' 1 

• 

[ \4ji£ 0 / 4 nh 3 c 

• 




• 



1.0967758 x 10 7 m' 1 

• 

1 e 2 \ 

7.29735 x 10' 3 

• 

/ 

T 

4nc 0 he] 

or 1/137.036 



4jre 0 ^ 2 \ 

5.29177 x 10- 11 m 


Oo j 

/ 

0.529177 A 

• 


h \ 

2.42631 x 10~ 12 m 


Xc 

= — 



m e c) 




h \ 

3.86159 x lO" 13 m 


*c 1 

m e c) 

386.159 fm 


Mb 1 

(_ \ 

9.2741 x 10" 24 J/T 


2mJ 



Useful Combinations of Constants 

14. 

e 2 


2.3071 x 10” 28 J m 

4trc 0 

14.400 eV A 




1.4400 MeV fm 


he 


3.1616 x 10' 26 J m 

1.97329 x 10 3 eV A 

197.329 MeV fm 


h 2 


6.1044 x 10' 39 J m 2 


2m z 


3.8100 eV A 2 

• 



3.8100 x 10 4 MeV fm 2 

• 

h 2 


3.3246 x 10' 42 J m 2 

• 

2m P 


2.0751 x 10“ 3 eV A 2 



n ■ 
x e 


-6x 


dx = 


20.751 MeV fm 2 

8.98755 x 10 16 J/kg 
9.3148 x 10 s eV/amu 
931.48 MeV/amu 



7. Mass 
• 10 3 gm/kg 

453.59 gm/lb 
0.45359 kg/lb 
2.2046 lb/kg 

1.66053 x 10- 27 kg/amu 
6.0222 x ]0 26 amu/kg 
6.0222 x 10 23 amu/gm 


(For mass-to-energy conversion, see 
the values of c 2 at the end of 
Appendix 3A.) 

10 7 erg/J 

10 -7 J/erg 

4.184 J/cal 

4.184 J/kcal 

10 3 cal/kcal 

(The kilocalorie [kcal] is also 
known as the food calorie, the 
large calorie, or the Calorie.) 

1.60219 x 10" 19 J/eV 

1.60219 x 10' 13 J/MeV 

10 6 eV/MeV 

3.60 x 10 6 J/kW hr 

4.20 x 10 12 J/kiloton 

4.20 x 10 15 J/megaton 

0.04336 (eV/molecule)/(kcal/mole) 

23.06 (kcal/moIe)/(eV/molecule) 


(Note that 2.9979 is well approx¬ 
imated by 3.00.) 

Charge: 2.9979 x 10 9 esu/C 
Current: 2.9979 x 10 9 (esu/sec)/A 
Potential: 299.79 V/statvolt 
Electric field: 2.9979 x 10 4 
(V/m)/(statvolt/cm) 

Magnetic field: 10“ G/T 
Magnetic flux: 10 8 G cm 2 /Wb 
Pole strength: 10 cgs unit/michell 
(cgs unit = v/erg cm ; 
michell = A m) 
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A particle of mass m moves in the semi-infinite one-dimensional space 
0 < x < 00 in a potential VCx) = Ax, where A is a positive constant. 

Use the variational method to calculate the upper bound on the ground 

— CQC 

state energy of the particle, using ip(x) = x e as a trial wave 
function, where a > 0. 

2. An Fe 57 atom has a lifetime of 10 7 sec against the emission of a y-ray 
of energy 14.4 keV. 

(a) Calculate the ratio of the natural linewidth to the frequency of 
the Y-ray assuming the nucleus does not recoil. 

(b) If the atom is initially at rest, calculate the shift (including 
sign) in the frequency of the Y-ray due to nuclear recoil. Compare 
to your answer in (a). 

(c) Explain briefly how the recoil shift is eliminated in the MUssbauer 
effect. 

(d) Explain briefly how the Mossbauer effect can be used to measure very 
low velocities. It has been stated that the method is sensitive 

enough "to see one's fingernails grow." Assuming that one can 

-4 

resolve 10 of the natural linewidth, is this statement justified? 

(e) In the Pound and Rebka experiment (1959) to measure the gravitational 
red shift, they "dropped" yrays through a height of 22 meters. 
Estimate the velocity at which the detector must be moved to absorb 
the Y-ray. 
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3. The Hamiltonian which describes the hyperfine structure of the 
2s^2~ state hydrogen in an external magnetic field is 


H h£ S -“o (§ - 5) + «e S 3 + V3 )B 

where S denotes the electron spin operator, and N denotes the spin 

operator of the proton. The constants y and y have the values 

e 'p 


= 2 *V = -2.7928 (m /m ) (2u ) 

e B p e p B 


where y is the Bohr magneton, m the mass of the electron and m the 
Be p 

mass of the proton. In the Hamiltonian above the magnetic field 
points in the positive 3-direction, and hence B > 0. The hyperfine 
separation at zero external field is 177.55 MHz. 

(a) Derive exact expressions for the hyperfine energies predicted by 

the above Hamiltonian. (In terms of the constants w , y and Y ). 

o e p 

(b) Derive approximate expressions for the energies which are valid 

in the limiting case of an extremely weak external magnetic field, 

i.e., when u> » y B. Likewise derive approximate expressions 
o e 

for the energies valid in the case of a "strong" magnetic field, 
i.e., y^B » which is the regime of the Paschen-Beck effect. 

(c) Draw a schematic graph (not strictly to scale) which shows how the 
levels in the weak-field case "join up" to the levels in the strong 
field case. The levels in the weak and strong field limits should 

be labelled by the appropriate quantum numbers, and the correspondence 
between the levels found in (a) and the levels shown on your graph 
should be clearly stated. Explain your conventions carefully. 
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4. A particular two-component Pauli-Schrodinger wave function for an electron 
is 

0 = W U p (x) ’ ^down 00 !" ( C(r + ix 2 )e_r * °1 ’ with r = l x l 

Here C is a constant such that the wave function is normalized to unity. 

(a) Compute the probabilities P Q (0) an< ^ P Q (1)> where P q (jt) denotes the 
probability that the orbital angular momentum has the value 

(b) Compute the probabilities P^,(l/2) and P^(3/2), where P^,(j) is the 
probability that the total angular momentum has the value j. 

(c) Compute the probability P(l; 1/2) that the orbital angular momentum 
has the value & = 1, and the total angular momentum has the value 

j = 1/2. 

(d) Write down the wave function 0 R obtained from 0 above through a space 
reflection. (Up to an arbitrary phase factor.) 

(e) Write down the wave function 0 T obtained from 0 through a time reversal. 
(Up to an arbitrary phase factor.) 

(f) Write down the wave function 0 rot obtained from 0 through a rotation by 
an angle ff in the positive sense about the x-^-axis. 

3. Find all possible configurations of 3 equivalent p-electrons in an atom, 
assuming the Russell-Saunders (L-S) coupling scheme. Explain your 
reasoning, and list each state with the proper spectroscopic notation. 

This is not intended as an exercise in group theory, or anything fancy. 
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The carbon dioxide molecule C0 2 is a linear molecule, with four 
vibrational degrees of freedom. The vibrational modes are indicated 
schematically in the drawing below, in which the carbon atom is drawn 
black. To the figure at right corresponds two linearly independent 
vibrational modes, of the same frequency. The measured vibrational 
frequencies are given below the figures, in wave numbers. 



(a) Derive an expression for the molar specific heat Cy(T) at constant 
volume for C0 2 gas for the temperature range shown in the graph 
below. 

(b) Compute the value of Cy at 200° C. 



Fig. 6. The specific heat of CO,; the continuous curve is calculated using Planck terms; 
the broken curve and crosses allowing for anharmonic terms; 0 Henry’s observations. 
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7. Consider a classical gas of monatomic particles of charge q. 

(a) Calculate from first principles the thermal conductivity < and the 

electrical conductivity Q by considering the effects of a thermal 

gradient and an electric field, respectively. (You are not asked 

to calculate any distribution functions or to solve the Boltzmann 

equations, but rather to give simple, approximate derivations). 

2 2 

(b) Show that k/o T = (constant) x 3k /q , where the constant is on the 

B 

order of unity. 

(c) Apart from numerical factors of order unity, how would k/ctT be 
modified if the gas were described by Fermi statistics rather than 
classical statistics? 


8. (a) 1 mole of helium and 1 mole of nitrogen are initially 

separated from each other by a partition in a container. 

Both gases are under a pressure of 1 atm, at the temperature /l\j 
The gases are then allowed to mix. Calculate the change in entropy 
of the system. 

(b) A uniform gas mixture of the above proportions, under an initial 

pressure of 1 atm and at an initial temperature of 20°C, is compressed 
adiabatically to 2/3 of the initial volume. Calculate: 

a) the final temperature T^ (in °C), 

b) the final pressure P^, 

c) the change in entropy for one mole of the mixture. 

Calculate the velocity of sound v g in the gas mixture in part (a) 
at normal pressure and temperature. 

The atomic weight of nitrogen is 14.0. ’ 


(c) 



- 6 - 


9, Answers to the following questions are intended to be extremely short. 

Any necessary formulas should be quoted without derivation. However, 
you should explain your reasoning, where appropriate. 

(a) A small quantity of gas is introduced into a 1 meter diameter 

1 14 

spherical storage vessel containing ^ gas at STP. Neglecting 
convection effects, make a rough estimate of the time for the gases 
to mix thoroughly. 

(b) Estimate the temperature at which the electronic and lattice heat 

capacities of a monovalent metal are equal. 

4 

(c) Estimate the minimum density of He atoms in a gas at 10K at which 
quantum effects become important. 

(d) In the Millikan oil drop experiment, the terminal velocity of the 
drop is inversely proportional to the viscosity of the air. If the 
temperature of the air increases, does the terminal velocity increase, 
decrease, or remain the same? If the pressure of the air increases, 
does the terminal velocity increase, decrease, or remain the same? 

(e) (i) What is the binding energy of a deuteron? (in MeV), 

(ii) What is the wavelength of the peak of the black body spectrum 
emitted by your skin? (in mm). 


I 



CLASSICAL PHYSICS 


Part A (7 problems) 


Fall 19S4 


(-'a. 



Problem Cl . (15 points) A particle of mass m is constrained to move without 
friction on a circular hoop of radius a that rotates with constant angular velo¬ 
city Q 0 about a vertical diameter. Find, and interpret physically, that critical 
angular velocity which divides the equilibria into two distinct types. Find 
the stable equilibrium positions of the particle, and calculate the frequencies 
of small oscillation about these positions. 

Problem C2 . (15 points) 

(a) Write the integral form of Maxwell’s equations in vacuum. Identify the 
system of units that you are using. 

(b) An alternating potential is applied to a parallel plate capacitor with circu¬ 
lar plates of radius a separated by a gap !<<a. The plates are fed at the center 

with a current / = / 0 ccs ut. Calculate both the E and B fields as functions of 

and. 

r, 9, z, and t in the region 0<r<a^ taking the origin of cylindrical coordinates 
at the center of the lower plate. Work to lowest ncnvarishing order in 
(wr/c << 1), neglecting fringing effects. Give clear arguments for the exist¬ 
ence or absence of aU components of the fields. 





% 



Problem C3 . (15 points) A relativistic particle of rest mass m and charge 
e>0 has velocity c/? = c(i S 1} 0, £ 3 ) at t- 0, with £ t >0. It is in a static uniform 
electromagnetic field B = (6, 0, 0); E = (-£, 0, 0) with E>0. Ignore radiation 
by the particle. 

(a) Find the maximum distance A[ that the particle can move in the +i direc¬ 
tion, Stortiatj at, tke. orijiA . 

(b) If /?( t-0) = 0, find /?(£) for all £>0. 


Problem C4 . (15 points) Two narrow'vertical slits are cut in a screen located 
in the plane z=-L. They are covered with separate pieces of polarizing mater¬ 
ial and illuminated by plane parallel light described by the electric vector 



(x+y) 

~1P T 


E a ccs2r 


ct-z 


X 


The first slit, at y=-D/2, passes light linearly polarized parallel to the y 
axis, while the other, at y=+0/2, passes light linearly polarized parallel to 
the x axis. The midpoint of each slit is at x=Q. 


You are to determine the variations with v of the light intensity seen by a 
detector at x=z=Q. The detector is sensitive only to light polarized parallel 
to the vector (x-y)/2 1/2 . Assume that the range of y over which the detector 
is moved allows the use of appropriate small-angle approximations. 




1 s 1 Cr*} 


Problem C5 . (10 points) A bar of Alnico 5 permanent-magnet material of 
cross section lxl cm 2 is formed into a semicircle of average radius 10 
cm. The material is permanently magnetized to its saturation magnetization 
4rM =10* gauss (gaussian units), or pqM = 1 Tesla (mks units). The circle 
is completed by a second identical magnet. 

To factor-of-3 accuracy, estimate the force (in dynes or newtons) that would 
be needed to pull the two halves apart. (This is a practical problem, requiring 
a numerical answer.) 

Problem CS . (15 points) 

(a) Find the electric and magnetic field represented by the time-dependent 
vector potential (in Cartesian coordinates) A(r,£) = (a£x, aty, 0) ; <p = 0 
(a is a positive constant). 

(b) For a charged particle (positive charge q), write down the trajectory, i.e. 
(x(£), y(t), z(£)) for arbitrary initial conditions. 

(c) List four independent dynamical invariants (conserved quantities), i.e. 
functions g(x, y, z, x, y, z) such that g = 0 . 

Problem C7 . (15 points) Two masses, M and m, move cne-dimensicnaily 
under the force of three equal linear springs (each has natural length Lq, farce 
constant k, and negligible mass). The ends are a distance L apart. 

Assume m<<M. Find the two normal-mode motions and frequencies. 



fc. M fe- tu fe 
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L 


x 

X 

X 
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CLASSICAL PHYSICS 


Fall 1984 


Part S (6 problems) 

Problem C8 . (30 points) An oblate star of uniform mass density p has equat¬ 
orial radius R and polar radius (1 -q)R. When q<<i, the correction to the 
potential energy of a mass m in the gravitational field of the star is given by 

V' = . QGMn2R 2 u . 3cos2g 

Or 

where M is the mass of the star, and r and 0 are spherical polar coordinates 
relative to its polar axis. 

Suppose that a planet moves in nearly circular orbit of average radius r 0 in 
the equatorial plane. Calculate the number N t of revolutions of the planet 
neeeded for the perigee (point of closest approach) of the planet to precess by 
one radian. 

Problem C9 . (20 points) A homogeneous dielectric sphere of radius R and 
dielectric constant e is placed at the origin of coordinates x 1 =x 2 =x 3 =0 under 
the influence of an electrostatic field in the neighborhood of the origin, of the 
form 

3 

£;(*I»X2|X3) = + s*j 1 i=i,2,3 . 

1 1 j=i lJ J 

Assume that E° l =E° : =0 and that the constants C. . are small: IRC. .|<<|£° 3 |. 

(a) Derive the polarization P of the sphere induced by the uniform field E° 3 . 

(b) What is the force F on the sphere? 

Problem C1Q . (IS points) A plane polarized light wave, travelling in vacuum, 
is normally incident on a slab of clear material which is dielectric and also a 
paramagnet. That is, in the appropriate frequency band, 

(gaussian units) e > 1; pi > 1 
(mks units) e/e 0 = K g > 1; pi/pj 0 = K > 1. 

Please specify the system of units that vcu are using . 

Starting from first principles, find the fraction F of time-averaged light 
intensity that is transmitted through the interface. 




Problem Cl L (10 points) A current source I { = Re(/ 0 e lcjt ) is coupled by 
means of a transformer to a load impedance Z 2 . The transformer is arranged 
so that a positive increment in primary current / 1 induces a positive increment 
in secondary current / 2 , with the directions of / t and / 2 as defined in the figure. 
Its primary and secondary coils have inductance L t and L 2 , with mutual induct¬ 
ance M. The designer of the load impedance (for example, a loudspeaker) 
wishes to characterize the whole driving circuit including the transformer as 
a source of EMF E { - Re(E 0 e lut ) in series with an impedance Z\. 

Calculate (complex) E$ and Z t . (You may work in the full coupling limit 
M 2 =L 1 L 2 , but you may not assume that cor c jL 2 are >> |Z 2 |.) 

Problem Cl2 . (15 points) When an electron, initially at rest, is subjected to 
a weak oscillatory field, it radiates at the same frequency, as you know. Now 
consider a relativistic electron (speed v = fie) moving down the axis of a wide 
tube, along which is a spatially periodic structure, of spatial period L. In the 
electron’s rest frame, this appears as a time-periodic disturbance, of frequen¬ 
cy CJ 0 . 

(a) Find cj 0 in terms of £ and L. 

(b) The electron radiates in (almost) all directions. Find the (vacuum) wave¬ 
length X of the electromagnetic radiation propagating in the forward direction, 
as measured in the lab frame, in terms of ft and L. 

Problem C13 . (10 points) A particle moves in a one-dimensional potential 
well V(x) = a|xjk (a, b are positive constants). Its motion is periodic, with 
its period r depending on its energy E as r(£) = crE° . Derive a formula for 
the exponent jS in terms of the exponent b. 



University of California, Berkeley 
Fall 1384 Preliminary Examination 
Quantum and Thermal Physics 
Part I 


Work all problems. Their relative weight is shown in the left margin. 
Partial credit can be given only if your work is clear. In problems requiring 
detailed matrix elements you should first solve the problem using some simple 
notation for the element (e.g. H^o) and only put in the actual algebraic value 
at the end. This will simplify grading and hopefully minimize algebraic 
mistakes. 


Some useful integrals are: 



u sin mu cos u du = 


1 

2 


sin (m + 1) r/2 + sin (m-1) tt/2 


(m + 1)' 


(m - 1)' 



cos (m -f- 1) tt/2 

m + 1 


cos (m — 1) tt/2 

(m - 1) 


« 



-ax 

e 


sin mx dx 



o 


(15) 


1. A nonrelativistic particle with mass m and kinetic energy E„ is scattered 
from a spherically symmetric potential. The differential scattering cross 
section is measured and the data are fit to a polynomial in cos 9. The 
result is 


— - a + b cos 9 + c cos 9 

aU 

a. Determine the phase shifts as a function of a, b, and c. Assume all 
phase shifts are positive. 

b. Estimate the range of the scattering potential. 

c. Determine the total cross section (i a terms of a, b and c) without 
performing any integration, i.e. use the optical theorem. 


1 



( 90 ) 


2. At t<0 an electron is known to be in the ground state of a one 
dimensional infinite square well potential which extends from 

-a +a 

X = - to X = 2 . 

At t = 0 a uniform electric field e is turned on in the direction of 
increasing x. The electric field is left on for a short time t. 

a. Use 1st order time dependent perturbation theory to compute the 
probability that the electron will be in the n=2 state at time t>t. 

b. Repeat the calculation of part (a) when the final state in question is 
n=3 . 

c. If the electric field is on permanently find 'the ground state energy 
and eigenfunction using perturbation theory. Find the first non- 
vanishing corrections. 


3. Calculate, in Born approximation, the differential scattering cross 
section for unpolarized neutron-neutron scattering assuming that the 
interaction potential responsible for scattering vanishes for the triplet 
spin state and is equal to 


V(r) 



for the singlet state. 


4. a. Show that the temperature T in a solid satisfies a diffusion 

equation. Start from the definition of thermal conductivity < and 
specific heat c. For simplicity work in one dimension and ignore 
expans ion. 

b. Find the dispersion relation <u(k) for a plane wave temperature 
variation which satisfies the diffusion equation found in part (a). 

c. Use the results of (a) and (b) to show that a time-periodic surface 
temperature variation on a planar surface bounding a s em i—inf inite 
medium decays exponentially with distance in the medium normal to the 
surface in a characteristic length 5. Find 5. 


d. Does your answer in part (c) support a claim that a layer of soil only 
a few inches deep is sufficient to smooth out the day to night 
temperature variations which exist on the Earth's surface? (for soil 
the ratio of k/c ~ 10 ~^cm 2 sec _1 ) Prove your answer by computing 5. 


2 



(10) 5. 


(15) 


An experiment measures the effective heat transport at room temperature 
through a double walled metallic vessel (a Dewar flask). The data shows 
that as the gas is evacuated from between the walls the heat transport 
doesn't vary until the pressure is below 0.1 mm of Hg. Estimate the gap 
between the double walls. 


6. The element has rather unusual properties at low temperatures. Below 

IK liquid behaves like an ideal fermi gas. For instance the speciric 

heat is linear in temperature (c = 2.17 RT mole - ^). Solid He behaves like 
a simple Curie paramagnet. For instance the specific molar entropy or the 
solid is just the constant R In 2. 

a. Find the temperature where the melting curve (the coexistence line 
in a P vs. T diagram) has a minimum. 

b. Consider a flexible walled container holding a mixture of solid and 
liquid -^He at an initial temperature = 10 mK (10~-K). If the pressure 
is slowly (adiabatically) increased from = 30 to P^ = 31 atmospheres 
what is the final temperature of the mixture? You may assume that the 
molar entropies depend only on T and the molar volumes deoend only on 
pressure. The liquid's compressibility is k = 0.14 atm. 1 and the 

solid may be assumed to be incompressible. To save time you may leave 
your answer in the form of an unsolved algebraic equation for Tg. 


(3) 





University of Californi, Berkeley 
Fall 1984 

Preliminary Examination 
Quantum Phvsics Part 2 


There are five problems. All of them have equal weight. 


Problem 1 

The muon has mass 207 times electron mass, the same electric charge, and 

spin 1/2. There is no difference from electron except for mass. The c< particle is 
4 

a nucleus of He made of two protons and two neutrons. Its binding energy is 28.3 MeV 
and its spin is 0. 

Consider an ion formed by an o ( particle and a muon through coulomb force. 
Determine the following quantities in ratio to the corresponding quantities of the 
hydrogen atom . Use a correct reduced mass where appropriate. 

m =0.51 MeV/c 2 , m„ =105.7 MeV/c 2 , m =938.3 MeV/c 2 , m =939.6 MeV/c 2 . 
e r P n 

(a) Binding energy of ground state. 

(b) Size or spread of ground state. 

(c) Magnitude of spin-orbit splitting of 2p states. 

(d) Hyperfine splitting of ground state. 

(e) Rate of spontaneous emission of light from 2p states. 

Problem 2 

Consider a carbon atom, which has six electrons in orbit. Answer the 
following questions by using the spectroscopic notation ( L^. ). 

(a) Determine the lowest three energy levels (counting a level with degeneracy as 
one level) and degrees of degeneracy by ignoring spin-orbit coupling and hyperfin e 
splitting . Give ordering of the three levels and explain why you order in that way. 

(b) How are the three levels in (a) affected by the spin-orbit coupling, in 
particular, resolution of degeneracy and ordering of levels ? Calculate relative 
magnitude between spacings of different spin-orbit splittings. 



Problem 3 


Consider a one dimensional nonrelativistic potential given below: 

ax 

V(x) = a[xj , (a > 0) . 
x 

(a) Calculate the energy level density at sufficiently high energy by the Hohr- 
(Wilson-) Sommerfeld quantization condition. 

(b) Compute the ground state energy by any approximation method that is appropriate 
to this problem. 

(c) Draw schematically the shape of the wave function for the first excited state. 

Problem 4 

A particle of mass m is constrained on a circular ring of radius R. There 
is a force acting on this particle, which is given by the potential 

V(0) = - g cos 26 (g > 0) , 

where 0 is the angular variable of the particle. 

Compute all energy eigenvalues by perturbation expansion in the limit of 

2 

small g , including terms of 0(g) and 0(g ) . Watch out for degeneracy. 



Problem 5 ~'™~~ 

Three distinguishable particles, each with spin 1/2, occupy the three corners 
of an equilateral triangle. The total Hamiltonian of the system is given in the absenc 
of external magnetic field by 

/V = -* (x > o), 

i> j 

where (i,j) label particles and sum over from 1 to 3. 

(a) Compute all energy eigenvalues and degrees of degeneracy. 

(b) Compute the partition function and the specific heat of this system. 

(c) Apply a weak magnetic field to this spin system. Each spin carries a spin 

magnetic moment y. . Compute the total magnetizations of this system in the limit of 
low temperature (kT « magnetic interaction energy) and in the limit of high 
temperature (kT » x), keeping the first nontrivial temperature dependences. 




Spring 1985 Classical Preliminary Examination (Morning) 


1 . 


Two particles with masses M-| and M 2 are connected by a spring with 
constant The particle of mass M-, is also attached to a wall by 

a spring of spring constant k^, as shown in the figure. (This is a 
model describing a diatomic molecule adsorbed to a surface.) Consi¬ 
der only the one-dimensional motion perpendicular to the wall. Find 
the vibrational frequencies of the particles. If and M 2 are not 
very different, but k 12 » k 1 , find the vibrational frequencies to 
the first order of k^. (15 pts) 



2. Prove by explicit calculation, that, including relativistic effects, 
it is not possible for a free electron to gain energy by absorbing a 
photon. (10 pts) 


3 . Consider a pair of electric dipoles, one fixed at the center of a 
circle of radius R, and the other both movable on the circle and ro¬ 
tatable in the plane. (See the figure below.) Find the stable 
equilibrium direction and position of the dipole on the circle. If 
the dipole P 2 makes an angle 9 with the x axis, and is at a position on 
the circle specified by the polar angle H , find the torque about 
the dipole center and the tangential force along the circle on the 

-Xf—TT (15 pts) 


dipole. 


P 


fc: 


R 




4. A Fresnel rhomb, made of glass, has the usual shape shown in the 
figure below. It can be used to convert linearly polarized light 
to circularly polarized light or vice versa. If a linearly po¬ 
larized beam is normally incident on the rhomb, and the refractive 
index of the glass is 1.6, show that with 9, the angle of the rhomb, 



2 

equal to 47°, the output beam is 
[Hint: The Fresnel equations for 
reflection of light polarized in 
the directions parallel and per¬ 
pendicular to the plane of inci¬ 
dence are 

r„ = (n t cos0.j_ - n i cos0 t )/(n t cos0j_ 
r x = (n^cos0 i - n t cos0 t )/(n i cos0 i 


ircularly polarized. (15 pts) 



+ n t cos@ t ).] 


5. (a) An electronic system has the following equivalent circuit. 

-vVVVV- 



% « -SO SL. 


The source voltage V has a dc component V Q and a 60-Hertz ac ripple 
with an amplitude of 0.1 V . Suppose we are interested in reducing 
the ac ripple across the load resistance R^. This can be achieved 
by inserting a capacitor in the circuit. Describe where it 
should be inserted and how large a capacity (in terms of farads) it 
should have in order to reduce the ac ripple across R L to 10 - 3 v q ? 

(b) In the circuit shown, V 1 is .-vvV 1 — 

a sinusoidal voltage of frequency j 
uj, V 2 is the voltage across the ©vr 

the load (R 2 and C 2 )» and the |_ q " ; j 

transformer is to be taken as an 1 : /? a 

ideal one with turns ratio n 2 /n-| . Calculate the magnitude of the 
ratio V 2 /V-j as a function of frequency and the given parameters. (15 
pts) 




C 


—, Vj 

0 I'- 

' ) V ; 


R. i 


6. In response to X-ray irradiation, the valence electrons of a mater¬ 
ial often behave like free electrons. Show that a monochromatic 
X-ray beam obliquely incident from the air side onto a plane sur¬ 
face of a solid can be totally reflected if the incidence angle is 
sufficiently large. Find the critical angle for total reflection 
assuming that the solid has N valence electrons per crn^. What is 




3 


the penetration depth of the X-ray into the solid? (15 pts) 

7. Free electron lasers are based on the idea that relativistic elec¬ 
trons moving in a periodic magnetic field will radiate. Consider a 
static helical magnetic field of the form 

, 2ttz 2ttz. 

B = B x cos + y sin J 
u A A 

where B 0 is a constant and A is the helical pitch along z. Suppose 
an electron of initial velocity v Q - c moves along the axis of the 
magnetic field. 

(a) Show that in the electron rest frame, the static magnetic field 
very closely resembles a circularly polarized plane wave with 

a wavelength A[1 - v 2 /c 2 ] 1/2 . 

(b) Following (a), the problem can then be treated as scattering of 
an electromagnetic wave by the electron at rest in the electron rest 
frame. Find the wavelength of the backscattered wave in the 
electron rest frame and in the lab frame assuming that the photon 
energy in the electron rest frame is much less than the electron mass. 

(15 pts) 

[Hint: The Lorentz transformation equations for the E and B fields 
are: 


5. = t(3 x - ^ v xTJ B,j = B n 

Ej. = Y(E X + “ v x 3j_) e![ = E,| .] 


THE END 



Spring 1985 Classical Preliminary Examination (Afternoon) 


17 pts 1. A particle of mass m is constrained to move frictionlessly on the 

surface of revolution z = ap n where n is an integer, z and p are 

cylindrical coordinates and gravity acts in the negative z 

direction. 


17 pts 


(a) Calculate the relation between angular velocity and radius 
p for steady motion in a horizontal circle. 

(b) Find the frequency of small oscillations about this motion 
for the case n = 1. 



2. A plane sound wave of frequency 
cj, traveling inside a cylindrical 
pipe of diameter d (d » wave 
length) impinges upon a thin piston 
of mass M which can move friction¬ 
lessly along the pipe, always 
remaining perpendicular to the axis. 
the piston is the same with density p, 
speed v. 



The gas on both sides of 
and sound propagation 


Calculate the fraction of the incident power per unit area 
transmitted across the piston. 


Note: A small longitudinal displacement y of a volume element of 

gas, relative to its unperturbed position, produces a pressure 
perturbation AP given by: 


AP = -pv 2 3y/3x 


where x is a longitudinal coordinate which denotes the unperturbed 
position of the volume element in question. 


17 pts 


3. Two cylinders, a large hollow 
one of inside radius R, and a 
small solid one of radius r are 
in contact and rotate together 
without relative slippage, as 
shown in the diagram. The center 
lines of both cylinders are stationary, and the initial angular 
velocity of the large cylinder is w. Aside from the contact 
between the two cylindrical surfaces, and the force of gravity 
the small cylinder is unconstrained. 




The large cylinder is now suddenly stopped, and the small 
cylinder, after brief slippage, rolls without slipping part way 
up the inside wall of the large cylinder, never losing contact 
with that wall. Calculate the height change of the center of the 
small cylinder as it goes from the bottom to its highest point. 


Take the moment of inertia of the small cylinder to be 1/2 mr 2 
about its center line. 


nu 



17 pts 4. Consider a plane electromagnetic wave 
consisting of the superposition of two 
linearly polarized components with random 
phase between them. The intensities of 
the two components have equal values I , 

and the angle between their polarization 
planes is a. 

(a) The intensity is observed after passage of the wave through 
a linear analyzer. What is the dependence of the observed 
intensity on the orientation of the analyzer axis? For what 
orientations are the intensities maximum and minimum and 
what are the corresponding limiting intensities? 

(b) The original wave is made to traverse a quarter-wave plate 
with axes lined up with the maxima and minima directions 
found in (a), and then passed through a linear analyzer. 

For what orientations of the analyzer axis are the 
intensities after passage through the analyzer maximum and 
minimum? 



15 pts 5. Consider a magnetic dipole m = m Q Sincot where m Q is a constant 

vector. It can be shown that the radiation electric field far 
from the dipole is given by: 

E = Ak 2 (n x m ) Sin(kr-wt) 
o 

r 

* 

where A is a constant which depends on units and n is a unit 
vector along the line from the dipole to the observer. 

(a) Write the corresponding expression for the radiation 
magnetic field, and calculate the time averaged total power 
radiated per unit solid angle along a direction making angle 
0 with the dipole direction m Q . Specify the units which 

you use. 

(b) Suppose m Q is in the x direction and located at z = L > 0. 

We place a conducting plane at z =0. Determine the power 
per unit solid angle in the direction of the positive z axis 
for z » L. 



17 pts 6. Consider a particle accelerator 
in which protons are kept on a 
circular orbit of radius R by a 
magnetic field B perpendicular 
to the plane of the orbit. During 
each turn of the acceleration cycle, 
the proton energy is increased by 
an amount AW from radio frequency 
(RF) electric fields in cavities in 
various places along the orbit. 

Suppose that a proton of mass m, charge e is injected into the 
orbit with initial velocity v . Assume that (1) the energy kick 

AW per turn is very small compared to the proton kinetic energy, 
(2) the proton always enters the RF cavities at the same RF phase 
and thus receives the same kick per turn AW independently of 
energy and (3) the RF frequency is kept equal to the orbital 
frequency (rather than a harmonic of it). As the proton energy 
increases, both the magnetic field B and the RF frequency oo must 
change to satisfy all the above conditions. 

If injection is at time t=0, calculate the required time 
dependences B(t) and w(t) during the acceleration to maintain 
the protons in their fixed circular orbit of radius R. Give a 
relativistically correct result, but neglect radiation from the 
accelerated protons. In calculating B(t), w(t), average over 
several revolutions to smooth out the rapid time dependences. 




Spring 1985 Quantum Preliminary Examination (Morning) 

Ml. (20 Points) 

Answer the following questions (no justification is required). 

(a) What are the first three energy eigenvalues for a one-dimensional 

particle of mass U moving in a potential 

V(x) = ® x < a 

= i k(x - a) 2 , i > a ? 

(b) If a , a and a, are the three Pauli matrices, give the eigenvalues of 

x y z 

the matrix 

= A [cos B sin C + sin B a^. + cos B cos C cr z l 

where A, B and C are three real numbers. 


1 



(c) If two operators p and q satisfy the commutation relation 


pq - qp = aq 


where a is an arbitrary constant, and if q—space is used for the 
representation, determine 

(c^) the most general representation of p; 

(C 2 ) the necessary conditions for p and q to be both hermitian 
operators 

(eg) the simplest hermitian representation of p in the latter case. 


(d) Three 256 x 256 matrices M^» M 2 and Mg satisfy the angular 

momentum commutation relations ("fi = 1). M 2 has the eigenvalues 

1 1 

+ 2 once; + , ei ght times each; + 1, 28 times each; + —, 56 

times each; and 0, 70 times.. Determine the 256 eigenvalues of 


M 2 = (M x ) 2 + (M2) 2 + (Mg)' 


(e) Give the Coulomb scattering cross-section at 90° in the center—of- 
mass frame for two electrons in the triplet state. Assume no <j> 
dependence in the scattering cross section. 


2 



M2. (15 Points) 


Given 


V (D 


y( 2) 


y( 3) 


where 


(i) 


(ii) 


(iii) 


a particle of mass p and three 1-D potentials 


(i) =0 lx| < a 

“ lx I > a 


ii 7rx ii 

(x) = - lb I cos 2a I 1 1 


Ul < a 
III > a 


(x) = lb I 0 < x < a 

- lb I -a < x < 0 

“ lx I > a 


lb I << fi 2 /pa 2 


Without calculations put the ground-state energies E^g in 
increasing order. Explain your reasoning. 


Give the approximate values of E^g iu each case to the lowest 
non-vanishing order in lb I. Explain your approximations. 


Sketch in one figure the gound-state wave functions for the three 
cases. Emphasize the differences between them and try to indicate 
the correct curvature of ip ^ (x). Choose \p positve at x = 0. 


3 



M3. (15 Points) 


If the electron were a particle of spin 3/2, give the configuration 
(ls) n l (2s) n 2 ... 

and the values of L, S and J of the neon atom (10 electrons) in its ground 
state. (Assume Hund's rules apply) 


4 



M4. (20 Points) 


A small system is in diffusive contact with a reservoir characterized by 
an absolute temperature T (fi = ]/-kT) and a chemical potential p 
(activity X = exp p p). The small system has only three possible quantum 
states: 


State 

1 

0 particles 

= 0 

State 

2 

1 particle 

CO 

to 

II 

a 

State 

3 

2 particles 

83 = E 

where 

e 

is the energy variable. 



If it is known that at all temperatures 

<N> = 1 

(a) Determine the value of the reservoir's chemical potential p. 

(b) Determine the root mean square fluctuation AN defined as 

(AN 2 ) = <N 2 > - <N > 2 


5 



2 

(c) Discuss the temperature dependence of (AN) , in particular: 

(cl) behavior as T -> ® ; 

(c2) can (AN) 2 be independent of T ? ; 

(c3) under what conditions can we say that <N> = 1 with negligible 
fluctuation? 

(d) In the particular case of <N> = 1 and E = 2e determine 
(dl) <e> ; 

(d2) <e 2 > ; 

(d3) Ae = [<e 2 > - <e> 2 ] 1/2 


6 




M5. (15 Points) 

The following functions represent radial wave functions of a particle moving in a 
central potential. Give 

2 

(a) the eigenvalue of L for each case 

(b) the radial quantum number for that particular angular momentum. 

Use the notation 

Is 2s 3s ... Ip 2p 3p ... Id 2d 3d ... 









Expressions Involving Trigonometric Functions* 282. 




Spring 1985 Quantum Preliminary Examination (Afternoon) 


University of California, Berkeley 


A1. (25 Points) 

The interatomic potential energy V of a NaCl molecule can be empirically 
described by 


V(R) = - e^/R + A exp (-R/p) 


where A and p are constants and R is the interatomic separation- The masses and 
atomic numbers of Na and Cl are 


Na M = 23 m p Z = 11 

Cl M = 35 m p Z = 17 


where m p is the 


proton mass. 


The equilibrium separation R Q is equal to 2.5 X and the dissociation energy E Q is 
3.6 eV. 


a) Calculate p/R Q and give the physical significance of this constant. 
(Neglect zero-point vibrations) 

b) Estimate the spacing (in eV) between low-energy levels of vibrational 
excitations of the system. 

c) Show that the spacing of rotational excitations is much finer than that of 
vibrational levels, and give the number of rotational levels between 
successive vibrational levels. 


1 



d) Sketch the specific heat per NaCl molecule as a function of temperature, 

between T = 0 K and 1000 K. 

e) If a system of NaCl molecules is kept at a temperature T, what fraction of 
molecules will dissociate? 


A2. (15 Points) 

A particle of mass m moves in one dimension in a potential 

V(x) = V 0 exp (a 2 x 2 ) 

For small a the ground-state energy E Q can be written 
E Q =A+Ba+Ca 2 + ... 

Determine 

(a) The value of A 

(b) The value of B 

(c) The dependence of C on the mass m and on the constant V . 


2 



A3. (15 Points) 


Descriptive atomic 

To a first approximation, a Hydrogen atom is usually described by a 
nonrelativiStic charged particle without spin moving in a fixed coulomb 
potential. Give the order of magnitude (in eV) of the following 
corrections to the ground state energy: 

a) Relativistic corrections 

b) Spin-orbit coupling 

c) Interaction between electron and magnetic moment of nucleus 

d) Effects due to finite mass of nucleus 

e) Interaction with a 1 Tesla magnetic field 

f) Interaction with a weak (10 V/m) electric field 


3 



A4. (15 Points) 


33 

Hie average mass of a star is Mg = 2 x 10 gm. Stars can be thought of as 
composed essentially of ionized hydrogen and the electrons behave like a free 
electron gas. 

a) Calculate, in eV, the Fermi energies of electrons in the sun whose 
radius is 

R s = 6.9 x 10 5 Km 

and in a white dwarf, whose radius is 

= 2 x lO^Km . 


b) At a temperature of 10^K can electrons in the sun or in a white 
dwarf be considered classical Maxwell—Boltzmann particles? 


2 

c) In the extreme relativistic limit e >> me show that 

e F s fic(3jt 2 n) 1/3 

where n is the number of electrons per unit volume. 

d) Using the formula in (c) show that for a pulsar, with radius 

Rp = 10 Km 

8 

the Fermi energy is of the order of 10 eV . 


4 



e) Since the reaction 

neutron -> proton + electron 

releases 0.8 x lO^eV, give an argument which supports the theory 
that pulsars are neutron stars. 


A5. (15 Points) 

Given a cavity at temperature T. 

A) Give the chemical potential fi of photons in the cavity 

B) Derive the temperature dependence of the specific heat C y of the 
enclosed radiation. 

C) Compare the result from B) with the corresponding C v for 
solids and explain the different high-temperature behavior. 

D) Based on the temperature dependence of C , can one decide if photons 
are bosons or fermions? Explain. 


5 



A6. (15 Points) 


An unpolarized beam of spin —1/2 particles is sent through a Stern—Ger1 ach 

apparatus with a magnetic field gradient pointing in the z — direction. Of the 

1 

two beams leaving the apparatus, the beam corresponding to L z - 2 “ is sent 
through another Stern-Gerlach apparatus, whose field gradient is rotated 45° 
with respect to the first. How many beams leave the second apparatus, and what 
are their intensities? (Outline clearly your approach for calculating the 
intensities.) 


6 



FALL 1985 Classical Morning Exam 


1. (20 points) 




A spool is formed from a thin-walled metal tube which serves as a spindle. 

Two endpieces of negli'gable mass are attached to the spindle to complete 
the spool. The diameter of the endpieces is twice the diameter of the spindle 

The spindle is wound with some thread and placed on a rough horizontal 
surface. The thread is pulled with a constant force T. It is found that 
when the thread is pulled just hard enough to cause the spool to accelerate 
toward the right with the acceleration of gravity, then the point of contact 
with the surface begins to slip. 

Find the coefficient of static friction between the spool and the surface. 
Neglect the mass and the thickness of the thread. 

There is a little dust on the surface. When the point of contact slips, 
which way does it kick-the dust (right or left)? 



2. (40 points) 


A skyhook is a device which, once it is in place, is supposed to obviate 
the necessity for rockets for placing things in orbit. The skyhook is 
basically a cable, extending from the surface of the earth at the equator 
to a mass M, which terminates the cable. The entire apparatus rotates 
with the earth, so that it is stationary in the frame of the earth. 

The cable does not fall down, because the mass M is located at a radius 
R which is beyond the radius r^ for geosynchronous orbits. 

Once the skyhook is in place, it becomes 
possible to climb up the cable, Jack-and- 
the-beanstalk style, and reach outer space. 

At least, that'S" the idea. 

To minimize construction costs, the cable is 
tapered, so that its thickness at any 
point is exactly the minimum needed to 
keep the cable from breaking. (We ignore 
here the extra strength required 
to carry the load of someone 
climbing up.) 

Derive an expression for the 
tension T in the cable as a 
function of the distance r from 
the center of the earth. Express 
your answer in terms of p, the 
density of the cable; k, the tensile 

strength of the cable (i.e. the breaking force per unit cross-sectional area); 
co, the frequency of the earth's rotation; Tg, the tension at the earth's 
surface; and any other quantities you need. Find an expression for the mass 
M in terms of its radius R and the other parameters of the problem. 

Where is the cable the thickest? (You should be able to answer this question 
even if you cannot get the other parts.) 




3. (30 points) 

a) Calculate the transverse field between a pair of infinitely long coaxial 
cylindrical conductors (both at the same potential)caused by a charge 
density distribution between them of 

P (r, z) = P 0 e_kr (kr-2) 

here, r is the cylindrical coordinate and k =* 13 (meter) - ^. The 
cylinders have radii r^ = 0.2m and r 2 =l- 0 m. 

b) Determine the total surface charge per unit length on the outer surface 
of the inner conductor. Determine the same quantity on the inner 
surface of the outer conductor. 


4. (20 points) 

J.J. Thomson showed that a static 2-body system of a point electric charge e 
and a point magnetic monopole g separated by the distance d has an angular 
momentum in the field, 

L = ^(d), where d=-|j e 2 >g 

(independent of |d| !) 


a) Derive this relation. 

Express any integrals as simply and clearly as possible in case you 
don't have the time to complete.the derivation. The integrals will be 
simpler if you choose the origin at one of the particles and divide 
the space into 3 regions 



b) Assume the usual smallest, non zero value of angular momentum* and 
calculate g/e. What is this value, numerically, if e is 4.8 * 10 - ^ 


Forget for the moment that this is a classical exam. 


esu. 



5. (20 points) 


Relativity Problem 

1. Professor Ken Lande, of the University of Pennsylvania, who had neutrino 
detectors in the Homestake mine, reported (Nature 251, 486 (1974)) a very 
unusual event that could be interpreted at a 10“^ sec. long burst of 
electron-neutrinos from a supernova explosion striking his detectors. 

The source of these neutrinos was presumed to be at the "invisible" 
center of our galaxy, 30,000 light years away, because no one observed 
a "visible" supernova explosion at that time. Lande claimed that one 
could set an upper limit on the* rest mass from the above information. 
Assume that the neutrino energy spectrum is uniform from 50 MeV to 100 MeV 
and that they were produced instantaneously. 

a) Determine the rest mass of the v g in MeV/C^ for such an assumption. 

b) How long did it take to make the trip according to an observer in the 
neutrinos rest frames? 

c) What was the length (in kilometers) of the trip according to the same 
observer. 

6 . (20 points) 

A diffraction grating is constructed out of fine, parallel wires in 
a pattern where three wires are present, and the fourth is missing, 
and where this pattern is repeated over and over again. (See Fig). 

The spacing between wires is d, including the spacing to the "missing" 
wire, and the radius of all wires is a. . A plane monochromatic wave of 
wavelength A is normally incident on the grating. Assume that d >> A 

a) Calculate the angular positions of 
the major and the minor maxima seen 
on a distant screen. 

b) Calculate the intensity ratios of 
the major to the minor maxima. 

c) How does the intensity pattern scale 
with the radius a of the wires 


and X >> a . 

plane wave 
incident at 
normal incidence 

etc. -J 

*d 
•— 

• , 

missing — 


missing— 


missing 


etc. 



FALL 1985 CLASSICAL AFTERMCCN EXAM 


(a) The potential energy of a central force field is V(r) = -o.fr . 

A beam of particles is incident on this force center. The velocity 
of the particles when they are far from the force center is v. Find 
the differential cross section, da/dft, for small angle scattering. 

(b) If initial conditions are right, this force field "absorbs" particles, 
i.e. the particles fall into the potential well and never come out. Find 
the total cross section for absorbtion. 


2 . 


The Fermilab Tevatron produced 800 GeV protons this year. These protons, 
when they strike a stationary target, produce lots of pions (m Q c^ - 140 MeV) 
and kaons (m Q c - 498 MeV). The most typical ones are "cloud mesons" that 
are produced with the same velocity as the proton. They produce a neutrino 
beam when they decay by it -*• jj (m Q c ** 105 MeV) +v and K -*■ y + v within a 
400 meter long "decay tunnel". The neutrino detectors are 1.2km downstream 
of the decay point. 

a) What are the typical momenta for pions, and kaons? 

b) What is the neutrino momentum in the kaon rest frame? 

c) What is the maximum momentum kaon neutrino that will strike the detecto 

d) What must the transverse dimension of the detector be to catch a 
neutrino that is emitted at right angles to the beam direction in the 
rest frame of the kaon with typical momentum? 

e) What is the laboratory momentum of the neutrino in part d)? 

f) Give the neutrino momentum spectrum. 



3 . 

The mesons that are produced when protons strike the target at Fermilab are not 
all moving parallel to the initial proton beam. A focussing device, invented 
by Simon Van der Heer and called a "horn", was used to deflect the mesons so as 
to cause them to move more nearly in the proton beam direction, (actually two 
of them were used in series). This device consists of an inner cylindrical 
conductor along which a current flows in one direction and an outer cylindrical 
conductor along which the current returns. Between these two surfaces there 
is a toroidal magnetic field that deflects the mesons that pass through this 
region. 



a) First, calculate the approximate inductance of this horn using the dimensions 
shown in the figure. The current of charged mesons and protons is negligible 
compared to the current in the conductors. 


b) The current is provided by a capacitor bank (C = 2400 x 10 Farads) that is 
discharged (at an appropriate time before the pulse of protons strikes the 
target) into a transmission line that connects the capacitor to the horn.- 
The total inductance of horn and the transmission line is 3.8 x 10 - ^ henries. 

The following circuit diagram shows the system with the capacitor charged to 
Vq volts. 

V Q = 28 kV 

• ‘K * ' A £ /V l C = 2400 pF 

• J pv o> L « 3.8 pH 

Va~=T- _L_ 3l_ R - a.5 X 10-3 ohms 

2 Derive an expression for the 

r current, I(t) in terms of 

- -- : -- 1 Vq, L, R, C 

c) How many seconds after the switch is thrown does it take for the current to 
reach its maximum value? 

d) What is the maximum current in amps?, in parts c) , d), e) and f) , neglect 
the resistance R. 


e) At this time, what is the value of the magnetic field at a distance of 1 cm 
from the axis? 


f) By what angle (in milliradians) would 2 meters of such a field deflect a 
kaon that has the same velocity as the 800 GeV Tevatron protons. 




4. 



A lossless planar dielectric slab of uniform thickness d and index 
of refraction n, whose surface normals lie along the x-axis, has 
light propagating down the z axis in the lowest TMq^ mode at cutoff 
(i.e., k z * = k Q , the vacuum wave—number, and the magnetic vector is 
parallel to the y-axis). The slab is surrounded by the vacuum. 

Think of this mode of propagation as a superposition of two plane 
waves (E^ (x, z) , Hj (x, z)), (E 2 (x, z), H 2 (x, z) ) with wave vectors 
and k 2 9 respectively, reflecting back and forth into each other 
inside the dielectric, .and a third plane wave (E^ (x, z) , H-^ (x, z)) 
outside the dielectric with wave vector k^ parallel to the z-axis 
"skimming along the surface." 

a) What are the boundary conditions satisfied by the fields? 


b) Write down expressions for E^ (x, z) and H ± (x, z) (i= 1 , 2 , 3) 
assuming angles 0 ^ of incidence for these plane waves with 

respect to the x-axis, and wave number k^ for these waves. 

c) Find 0^ and k^ . Show your reasoning. 

d) What is the frequency of this mode? 



Two identical massless point charges of charge q are orbiting at 
a distance D apart in the x-y plane with angular velocity w in 
a uniform magnetic field B directed along the z-axis. They are 
constrained to move in this plane. Since the charges are massless," 
one must at every instant balance their Coulomb repulsions against 
their Lorentz forces to prevent infinite accelerations, and hence 
infinite radiation. Find an expression for the E and H fields 
in the radiation zone as seen by a distant observer along the x-axis. 
Assume that radiation damping is negligible and that D is much smaller 
than the wavelength of the radiation, but not vanishing. (Hint: 
think about the time delay that the observer sees between the 
arrival of the signal from the far charge and the near charge, when 
the latter charge is closest to the observer.) 



Fall 1985 Quantum Physics Morning Exam 
1. (30 points) 


Part (A) - (I) and (K) are multiple choice questions; please check only one box. 


(A) The minimum height Az above a table of a bouncing ball of mass m 
in the presence of a vertical gravitational acceleration of g is, 
according to the uncertainty principle, at absolute zero. 


□ 

(a) 

independent of m by the equivalence principle 

□ 

(b) 

Az s: (li^/2m)^^ independent of g , since gravity is always 

negligible in quantum dynamics 

□ 

(c) 

42= IS -2/3 m -2/3 

□ 

(d) 

42 = m -2/3 g -l/3 

□ 

(e) 

42 = ft -2/3 m +2/3 g -l/3 

□ 

(f) 

42 =ff 2/3 » 2/3 g +1 / 3 

(B) 

Given 

that the binding energy of the hydrogen atom is of the order 


- lOeV 

, we infer that the binding energy of the K shell electron 


for a 

Z = 100 atom is of the order of 

□ 

(a) 

~10 3 eV 

□ 

(b) 

~10 4 eV 

□ 

(c) 

~10 5 eV 

□ 

(d) 

~10 6 eV 

□ 

(e) 

> 

Q) 

o 

t 

(C) 

Ay- 

ray is backscattered from a proton. The shift in wavelength 


of this y - ray is 

□ 

(a) 

0.0243 A 

□ 

(b) 

0.0486 A 

□ 

(c) 

1.32 fm 

□ 

(d) 

2.65 fm 

□ 

(e) 

5.30 fm 



(D) The present peak wavelength of the universal 2.8K blackbody 
radiation from the Big Bang is approximately at 1 mm. At an 
earlier epoch when the Universe was one hundred times warmer 
than it is today, an observer would have measured a peak 
wavelength at 

□ (a) the same as today 

□ (b) 10 pm 

□ (c) 100 pm 

□ (d) 10 mm 

□ (e) 100 mm 


(E) The first excited electronic configuration of Neon (Z = 10) is 


□ 

(a) 

(Is) 2 

(2s) 2 

(2p) 6 


□ 

(b) 

(Is) 2 

(2s) 2 

(2p) 5 

(Is) 

□ 

(c) 

(Is) 2 

(2s) 2 

(2p) 5 

(2s) 

□ 

(d) 

(Is) 2 

(2s) 2 

(2p) 5 

(3s) 

□ 

(e) 

(Is) 2 

(2s) 2 

(2p) 5 

(3p) 

(F) 

The normal ! 

given by 

Zeeman effect in 

atoms has splittings of energy levels 

□ 

(a) 

0.290 

x 10 -8 eV/Gauss 


□ 

(b) 

0.579 

x 10 -8 eV/Gauss 


□ 

(c) 

1.158 

x 10" 8 eV/Gauss 


□ • 

(d) 

2.316 

x 10 -8 eV/Gauss 



□ (e) 4.632 * 10' 8 eV/Gauss 



(G) The strongest "D" lines of Sodium (Z = 11), in spectroscopic notation, are 


□ 

(a) 

2 P 

P 5/2 

-*• 

2 P 

b 3/2’ 

and 

2p 3/2 


2 s 

b 3 / 2 

□ 

(b) 

4 P 

P 5/2 

> 

b 3/2 ’ 

and 

4p 3/2 


4 P 

b 3 / 2 

□ 

(c) 

4 P 

P 3/2 

-> 

4 q 

b l/2’ 

and 

4 P 

P 3/2 

-f 

4 q 

S l/2 

□ 

(d) 

lp 

P 3 / 2 

-> 

lo 

b l/2’ 

and 

lp 3/2 

-> 

l q 

S 1 / 2 

□ 

(e) 

2 P 

P 3 / 2 

-► 

2 q 

b l/2’ 

and 

2 p 

P 1 / 2 

->• 

2. 

S 1 / 2 


(H) The wavelengths of the corresponding transitions in positronium 



(e + e 

atom) relative to those of hydrogen are very nearly: 

□ 

(a) 

doubled 

□ 

(b) 

tripled 

□ 

(c) 

quadrupled 

□ 

(d) 

the same 

□ 

(e) 

halved 

(I) 

The 

specific heat capacity of a perfect single crystal of silicon 


upon 

decreasing the temperature from IK to lOmK, decreases by 

□ 

(a) 

10" 3 

□ 

(b) 

icr 4 

□ 

(c) 

icr 5 

□ 

(d) 

icr 6 

□ ’ 

(e) 

icr 7 



(J) The difference between an insulator and a conductor is that 
( true or false ) 

T F 

□ D (a) there is no energy gap in a conductor 

□ □ (b) there is an energy gap in both, but the conductor has 

a partially filled conduction band 

□ □ (c) there are no electrons in an insulator 

□ □ (d) the conduction band of an insulator is nearly empty 

at room temperature. 

(K) A neutron is composed of the following quarks ( multiple choice ) 

□ (a) u u u 

□ (b) u u d 

□ ( c) u d d 

□ (d) d d d 

□ (e) u d s 

□ (f) c d s 


(Li Three of the four fundamental forces of nature manifested 

themselves in the first discovery of radioactivity by Becquerel 
in 1896 ( fill in ) 

(i) a rays manifested the _ force. 

(ii) 8 rays manifested the _ force. 

(iii) y rays manifested the _ force. 

(iv) The force which was not manifested was the _ 


force 



(M) It is presently believed that the truly fundamental particles are 
the following ( fill in the blanks ): 



(iii) Y , W + , W , Z , gluons are 



(30 points) 


Consider the matrices 



a) Are they hermitian? Compute the eigenvalues of e ^. How are they 
related to those of e ^ and £3 ?-, 

b) The above matrices are related to an angular momentum operator M; 
for what value of the angular momentum (or spin)? Assume that the 
system is in an eigenstate of with angular momentum Ti . What 
is the probability that a measurement of M 2 will also give the 
result Ti ? 


c) Show that 


Xe 

e 


1 


e 2 


-Xe 

e 


1 


£2 cos X + £2 sin X 


where X is a real number, (Hint: you may find it useful to differentiate 
with respect to the parameter X). Give a physical (or geometric) 
interpretation of this equation. 



3. (30 points) 


a) Consider an electron in a magnetic field B = V x A (neglect spin). 
Write down the operators corresponding to the three components of 
the velocity and compute their commutators. Are the three components 
measurable simultaneously? If not, what uncertainty principle do they 
satisfy? (Do not give a general derivation of the uncertainty 
principle.) Are the commutators invariant under time inversion? 
Explain. 

b) Quantum mechanical operators satisfy the Jacobi identity 

[a[B, C] J +[b, [C,A]J + | C [A, B ] ] =0 . 

Apply this to the three components v^ , v 2 and v^ of the electron 
velocity and derive from it a condition for the magnetic field B . 

Is this condition satisfied by a constant magnetic field pointing in 
the x^ direction ? Is it satisfied by the Coulomb-like magnetic 
field of a point magnetic charge? 



4. 


(30 points) 


A large number, A = N + Z, of nucleons, i.e., N neutrons and Z protons, 
are placed into a one-dimensional box (i.e., infinite square well) of 
length L. Assume that the mass of the neutron and proton are the same, 
but that they remain distinguishable, and that there are no interactions 
between particles. In particular, neglect the Coulomb repulsion between 

the protons. You may approximate that A >> 1, N>> 1, Z>> 1. 

\ 

a) Calculate the energy of the system as a function of the 
neutron excess A= N-Z, for all possible configurations 
of N and Z, holding A = N + Z constant. Sketch E(N - Z) . 


b) What value of A minimizes the total energy of the system? 


Calculate numerically the minimum total energy in MeV for 
A = 16 assuming L = 1 fin = 10 - ^ m is the length of the box. 


c) 



5. (30 points) 


Usually when we do statistical mechanics via 
the canonical ensemble, we imagine particles 
confined within a box of volume V which is 
in contact with a heat reservoir at tempera¬ 
ture T. This is a constant volume ensemble. 

Other thermodynamic properties, such as 
pressure, then follow by taking averages over 
the ensemble. 

However, it is also possible to formulate 
statistical mechanics in a constant mressure 
ensemble. Here is one approach. 

Consider a gas consisting of N identical 
point particles of mass m, confined in a 
cylinder of cross-sectional area A. The 
bottom and walls are fixed, but the top of 
the cylinder is a movable piston of mass M. CLfiBCL A 

Due to gravity, the piston exerts a force on the gas, and the pressure is 
given by P=Mg/A. The pressure is not a statistical average, but rather a 
constant of the problem.. The cylinder is in contact with-a heat reservoir 
at temperature T. There is no outside pressure on the piston. 

(a) Write down the classical Hamiltonian H for this system. You may ignore 
the interaction of the gas particles with the gravitational field; but you 
must include this interaction in the dynamics of the Diston, because that's 
what provides the pressure. Ignore all degrees of freedom of the piston 
except the one corresponding to vertical motion. The gas particles do not 
interact with each other. Express the partition function Z in terms of the 
classical Hamiltonian, using classical statistical mechanics. Don't forget 
that the particles are identical; your answer should not be subject to the 
Gibbs paradox. 

(b) Now evaluate the partition function Z explicitly. It is easiest to 
do the integrals for the gas particles first. Be careful of the ranges of 
integration. 

(c) Compute E, the average energy of the system. How much energy (on average) 

is contained in the kinetic energy of the gas? The kinetic energy of the 

piston? The potential energy of the piston? 

(d) Using the probabilistic interpretation of the Boltzmann factor, write 
down an expression for V, the ensemble average of the volume, in terms of Z, 

H, and anything else that is convenient. Evaluate this expression explicitly, 
and derive the equation of state. (Hint: Consider the quantity 3Z/3g.) 

Explain in physical terms why this result differs from the usual ideal gas 

equation of state. (It might help to consider the special case N=0.) 



(See next page for useful integrals.) 



Integrals for piston/constant pressure ensemble problem: 


dx e 


CLX 2 * 


— Oo 








6 . (30 points) 


A cold box containing n^ electrons per unit volume is heated to a temperature 
sufficiently high that a small number of positrons begin to form, via the 
reversible reaction, 

e + + e f vj photons 

A complete analysis of this problem requires some difficult mathematics, so 

we shall simplify things here. First', we assume that temperatures are high 

enough to cause the formation of a few positrons, but low enough that the 

vast majority of the particles are nonrelativistic. That is, we will take 

2 

the kinetic energy of a particle to be p /2m,- and the total relativistic 

2 2 

mass-energy to be me + p /2m. We will also assume that the electrons 
have a sufficiently low density that classical Maxwel1-Boltzmann statistics 
are applicable. 


(n) Find an expression for the number density of positrons, n + , in terms of 
n^, the temperature, and any other relevant parameters. You may use the 
following formula for the partition function of a classical, Maxwell-Boltzmann 
ideal gas consisting of N identical spin h particles, in -which energies 
are measured relative to the state of zero kinetic energy. 


Z 



In ~ 


The factor 


is the spin degeneracy factor, and V is the volume. 


N hz N ~~ N • 


(b) The mass of the electron or positron (times c^) is about 510 KeV. When 
an electron and positron at rest annihilate, they usually produce two photons 
of this'energy. If you were to open a small hole in the box of part (a), and 
sample the electromagnetic radiation coming out, would you expect an enhance¬ 
ment in the energy spectrum at a photon energy at or around 510 KeV, i.e. an 
enhancement above the value predicted by the Planck spectrum? Justify your 
answer in physical terms. 



FALL 1985 Quantum Physics Afternoon Exam 
Problem 1 (45 Points) 

The time dependent Schrodinger equation for a free particle in one space - 
one time dimensions is invariant under Galilei transformations 

t' = t 


x' = X + V t 


in the sense that, if if/ (x', t' ) is a solution of the equation written in 
terms of x' and t' , then x 


4> (x, t) = if/ (x' 


, ia(v; x t' ) 
t ) e 


is a solution in terms of x and t. 


a) Find the expression for the phase a (v; x' , t' ) 

b) Discuss the behavior of the phase a under parity and time inversion. 
Explain. 

c) Find the operator which generates infinitesimal Galilei transformations 
and its commutation relations with the Hamiltonian and with the 
momentum operator. 



Problem 2 (45 Points) 


Consider the Hamiltonian 


H = 




( 91 ” 


It describes two rotators coupled by the 8 term. The wave function must be 
periodic of period 2 ir in 0^ and in Qj • 


a) For 8=0 find the normalized eigenfunctions and the eigenvalues. 


b) Using first order perturbation theory in 8 find the corrected 

eigenvalues (Caveat: there is some degeneracy to be taken into account. 
It may be convenient to use the variables x= 0^ + ©2 » y = 0^ - @ 2 ) • 



Problem 3 (45 Points) 


Nuclear forces are not well understood theoretically, so the known facts 
about nuclei, e.g. their parity and spin, are basically experimental facts. 

It is known experimentally, for example, that the deuteron has spin S=l. 

Suppose, however, that this were not known, and that we wished to explore 
the possibility of determining the spin of the deuteron by means of 
thermodynamic measurements on deuterium gas, D^. It is a good guess that 
the proton and neutron which comprise the deuteron are in an orbital s-wave, 
so we can reduce the possibilities for the spin of the deuteron down to 
only two cases: Case I, S=0; and Case II, S=l. It is our task to 
distinguish between these. ' 

One fact we have to contend with is that the spin states of the molecule 
have only a weak coupling to the outside world, so when D^' gas at high 
temperature is cooled to a low temperature, the populations of the various 
spin states of the D 7 molecule retain their high temperature values for 
time scales long in comparison to typical experimental time scales. If we 
wait long enough, however, overall thermal equilibrium is reached, including 
the spin degrees of freedom of the molecule. 

Warning: Do not confuse the spin of the deuteron with the total spin of the 
deuterium molecule. In this problem you should think carefully about spin 
and statistics. 

Suppose a box containing N molecules of D ? gas at room temperature is cooled 
to a temperature low enough that the quantitation of rotational energy levels 
can be expected to have a pronounced effect on the thermodynamic properties 
of the gas. Give an order of magnitude estimate of this temperature, in 
terms of any physical parameters you think are relevant. 

Compute the leading, low temperature expression for the energy of rotation, E 
for Cases I and II, before the spin degrees of freedom have had time to 
come to equilibrium with the other degrees of freedom. Do the same after 
full thermal equilibrium has been readied. 


rot ’ 



Problem 4 (45 Points) 


When water at 0°Cis heated (at constant pressure), it contracts until 
T = Tq = 4°C is reached. As the heating continues, however, and T rises 
above T , the water reverses behavior and expands as most substances normally 
do. 

(a) For temperatures above T^, give a physical argument to derive an 

inequality connecting Cp and Cy. Use physical reasoning; do not invoke 

the Maxwell relations or any complicated formulas involving partial 

derivatives. What is the relationship between C n and C,. when T=T ? 

r V 0 


(b) A book on thermodynamics gives the following formulas for the speed 
of sound. 



K = 


- (—I * 

V {??) 


where c s is the speed of sound, < is the compressibility, and p is the 
density. Unfortunately, the book has omitted the subscripts on k and 
on the partial derivative. Supply the missing subscripts, and explain in 
terms of the physics of sound waves why they are the correct ones. 


(c) We normally think of water as incompressible, but this is a relative 
matter. Suppose, for example, we were to take a vertical column of ocean 
water of depth h = 5km, and then somehow slowly turn off gravity. Then 
the water would expand by some amount. Ah. 

You are to calculate Ah, given the following information: The speed 
of sound in water is 4.2 times the speed of sound in air (at STP); the 
average molecular weight of air is 29; and the adiabatic index for air 
is y=7/5. The temperature of the water is not exactly constant, but it 
does lie more or less in the range 0°C to 20°C. As a first approximation, 
you may assume that the thermodynamic properties of water in this range 
are constant, and, in particular, equal to their values at 4°C (which is 
roughly correct). In this approximation, what happens to the temperature 
of the water as a function of depth, as the slow expansion takes place? Why? 



UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 
DEPARTMENT OF PHYSICS 
SPRING SEMESTER 1986 


PRELIMINARY EXAMINATION in CLASSICAL PHYSICS PART 1 


PART I -1- 


1. (30 points) 

Consider a thin plate in the shape of a parallelogram of uniform density 
rotating about a diagonal (see figure). Find the force on the bearings. 



PART I -3- 


2. (45 points) 

Given a parallel plate capacitor made up of disks of radius 'a'. The plate 
separation is d « a. The plates are connected at their center by a wire of 
radius b << a with resistance R (see figure). At t = 0, there is a potential 
difference V between the plates. 


a. Find the electric and magnetic fields between the plates (f.e. for 
0 £ r £ a) for times t > 0. Neglect edge effects and contributions to the 

electric field from 


b. What is the energy stored in the system at times t J 0? 

c. For a/b = 10 and a/d = 10, what is the condition on R such that the 
approximation neglecting is valid? 




tr > 



r ci j j v i 

res utov 1 e.< R 



PART I 


-5- 


3. (20 points) 

Given an infinite slab of magnetically "hard" material (i.e. a permanent 
magnetization) of thickness 'd'." It is magnetized so that M makes an angle of 
45° to the surface of the plate. Find B and H inside and outside the plate. 


X* /V /* SA / / /V X // / 



PART I 


4. (30 points) 

a. Compute the threshold energy in the laboratory of the photon for the 
reacton: - 


• y + p->p + p + p 

The target proton is at rest in the laboratory. Assume the mass p and p 
are both m p . 

b. An antiproton annihilates on a proton which is at rest in the 
laboratory. It produces two identical particles. One of the two is observed 

at 90° in the laboratory. Show that the energy of this particle is 
independent of the energy of the antiproton. 


PART I 


5. (30 points) 

Consider the electrical circuit shown in the figure. 

a. How many normal modes of oscillation (resonant frequencies) does it 
have? 


b. Find the normal frequencies. 

c. Sketch the current flow for each of the normal modes. 



L 


c 


L 




PART I 


- 11 - 


6. (30 points) 

A betatron is an accelerator for electrons that was developed before the 
second world war by Kerst. It is capable of accelerating electrons from a 
very small velocity to relativistic energies. It is shown schematically in 
the figures below. The electrons are accelerated by induction from a time 
changing magnetic field. The field is cylindrically symmetric and varies as a 
function of radius. During the acceleration, the electrons are held in a 
fixed circular orbit of radius 'r' by the time changing magnetic field. Let 

B„(t) represent the magnitude of the magnetic field at the orbit and B,„(t) 
u av 

represent the average value of the magnetic field inside the orbit. The 

electrons start at t « 0 with very small velocity (essentially zero). The 

magnetic field is increassed until the end of the acceleration cycle. 

a. Find the relation between B Q (t) and B ay (t) for r to remain constant. 

b. Express the final value of the total energy of the electron in terms 
of 'r' and the final value of B Q . 

c. For B q - 10,000 gauss (1 tesla) and r = 1 meter what is the final 
energy of the electrons? 

The charge of an electron is 4.8 x 10 -10 esu = 1.6 x 10~ 18 coulomb. 



Fic. 22. Electrons from the gun !a pass through positions 1, 2, 3, 4, nn<! 5 
in succession as they revolve. Eventually they settle down in the equi¬ 
librium orbit shown. After acceleration in this orbit the orbit is expanded 
as described in the text so that the beam strikes the tungsten gun case. 

X-rays emerge as shown. From Kerst, ref. 22. 





UNIVERSITY OF CALIFORNIA 


BERKELEY, CALIFORNIA 
DEPARTMENT OF PHYSICS 
SPRING SEMESTER 1986 


PRELIMINARY EXAMINATION IN CLASSICAL PHYSICS PART II 


PART II p. 1 

Problem 1 (20. points). 

An exneriment is contemn!ated to study the sun by sending a probe from 
the earth to make measurements very close to the sun and radio its findings ” 
back to earth. A rocket is to be fired from the earth, carryinq the probe; 
and it is desired to give this rocket the minimum initial velocity (relative 
to the earth) that will allow the nrobe to "fall" into the sun. 

a) What is the magnitude and direction of the initial v elocity which this 
rocket must be given ? Compare your answer to the familiar "escane velocity" 
from the earth's surface. 

b) How long will it take for this probe to reach the sun ? 


You may (or may not) find the following data useful: 
Radius of earth orbit around the sun = 93 million miles 
Period of earth around sun = 1 year 

Radius of earth = 4000 miles 1 mile = 5280 feet 

o 

Acceleration of gravity at earth surface = 32 ft/sec 


x a (l-x) B dx 


' a! B! 

(a + B+ 1)1 


v r ¥ : (-1/2)! =/lr 
~2 


( 0 )! = 1 ; ( 1 / 2 )! = 



PART II p. 3 

Problem 2 (_45 points) 

A point mass m is attached to an ideal spring of zero length and stiffness k 
which is fastened inside a massless tube as shown. At rest, the mass sits a 
distance D from the pivot point of the tube. In motion/ the mass slides freely 
inside the tube. The tube is free to rotate, about the pivot, in a horizontal plane 


< - D -* 

pivot* [aazf m ) ~ 

X ^ 

NOTE: The mass can move in both directions about the point 
where the spring is fastened : x=0. 

a) Write the Lagrangian for this system and get the equations of motion. 

b) Find the two constants of motion: the total energy E and the angular momentum L. 

c) For a given value of L, find the frequency of small radial oscillations 
about the equilibrium. Answer this seoarately for the two cases: D large 
compared to x; and D=0. 



PART II p. 5 

Problem 3 (.20 points! 

The electrostatic potential $ is measured on the z=0 plane and found' 
to be V, (x,y); it Is also measured on the plane z=a and found to be iMx.y). 

At very large values of x or y the potential vanishes; and there is no electric 
charge in between the planes at z=0 and z=a. This data completely determines 
the potential $(x,y,z) everywhere in the region 0< z< a. 

For "small a" a first approximation to $ is the linear interpolation: 

$i(x,y,z) = (l-z/a)V 1 (x,y) + z/aV 2 (x,y). 

The next approximation may be written as: 

$(.x,y,z) = <h(x,y,z) + a U(x,y,z/a) . 

\ 

a) Find the function U in terms of the given data. [HINT: Do not get 
Involved with Green functions; just work from Laplace's equation.] 

b) Specify what is meant by "small a" in justifying the accuracy of this expansion. 



PART II p. 7 


Problem 4 (30 points). 

The schematic picture below is for the design of a fixed array of radio antennae 
and connectina electronic circuitry for.detecting electromagnetic waves at 

objective is to have an angular resolution (in the x-y plane) 

and how many are needed ? 

a) What should be the spacing of the antennae ? What function should be 
performed by the circuitry in the small round boxes; and in the large square box 

b) Over what range can the frequency be scanned and still achieve approximately 
the same angular resolution ? (A factor of 2, 10, ?? ) 

c) What additional installation is needed to also determine the state of 
polarization of the waves detected ? 


frequency v . The 
of 1°. 


f 



Problem 5 (45 points) 


PART II d. 9 


The usual wave equation for transverse vibrations of a string is 


r 2 

3x 2 


3t" 


= 0 


If we wish to include the effects of internal friction in the string, a term 



3 3 y 
3x 2 3t 


can be added to this equation. 

a) Show that this combination of derivatives for the friction term 
represents the effect of a force between'neighboring elements of the string 
which is prooortional to their relative velocity. Also get the sign correctly. 

b) If the string is clamped at both ends, x=0 and x=L, find the general 
solution of this damoed wave equation by starting with a Fourier series: 


Y(x,t) = z [ Aft) sin + B (t) cos^ ] 

n=0 n L n L 

Then proceed to determine the time behavior of the amplitudes A and B . 
Verify the sign chosen with the damping constant R. n n 

Identify any shift in the normal frequencies due to the damping. 



UNIVERSITY OF CALIFORNIA 


BERKELEY, CALIFORNIA 
DEPARTMENT OF PHYSICS 
SPRING SEMESTER 1986 

PRELIMINARY EXAMINATION in MODERN PHYSICS 


Problem 1» 

Two identical bodies (which you can assume to be in solid or liquid 
form) are initially at the absolute temperatures T^, reap. T 2 < T^. 

We assume that a heat engine works with these bodies as reservoirs, 
which are isolated from the rest of the world, and as a result the 
bodies will eventually reach the same final temperature T^. We 
assume that the bodies remain under constant pressure, and that 
no phase-transitions take place. The heat capacity of either body 
as a function of the temperature is denoted Cp(T). 

a) Assume that the engine is an ideal engine which delivers the 

maximum possible total work W_. For this case derive an equation 

involving C p (T), T^ and Tg from which T^ can in principle be com¬ 
puted. Also derive an’expression for ^ max in terms of C p (T), 

T^» T 2 and T f . 

b) Specialize the above results to the case when C p (T) = C p is 
independent of the temperature, and give explicit expressions far 
Tj, and W^^ in terms of T^, T 2 and C p . 

c) Assume that C p (T) = C p is independent of the temperature. 

Suppose that the heat engine is removed, and that we instead per¬ 
mit the bodies to come to thermal equilibrium through heat conduc¬ 
tion. Find an expression far the total change in entropy in thi 3 
process. 


Problem 2 . 

Consider the free-electron gas model for a metal. Let n be the 
number density of the conduction electrons, i.e., the number of 
free electrons per unit volume, a) Derive an expression, in terms 
of n and other relevant physical parameters, for the Fermi energy 
tap , which is the energy of the highest filled level, assuming 
complete degeneracy, b) Apply thi3 result to copper, assuming that 
each copper atom contributes one electron to the "gas,' 1 and give 
the numerical value of Up in eV. The density of copper is 8.9 g/cm 3 
and the atomic weight is 63.5 . 



Problem 3 . 

One of the methods for the cooling or liquefaction of a gas 
depends on the Joule-Kelvin effect, namely the change in tempera¬ 
ture of a gas in a throttling process. We here consider a "porous 
plug" experiment in which the gp s, at an initial temperature 
and under an initial pressure P^, passes through the plug and emer¬ 
ges with a temperature Tg under a pressure P 2 » We assume that there 
is no heat exchange with the surroundings. The process takes place 
as a steady flow. 

a) Give a short account of the theory of the process. Explain care¬ 
fully why the entropy does not remain constant in the throttling 
process, although we assumed that no heat is exchanged with the 
surrounding, and one might thus think that 0 = dQ = TdS implies 
that dS = 0. 

b) Applying your theory, use the diagram below to find the final 
temperature T 2 of the hydrogen gas when the finBl pressure is 
atmospheric (= 0.1 Mpa), and the initial temperature is 70°K and 
the initial pressure is 20 a.tm. Explain how you do this. 

c) Show that for small (P^- Pg) the chan S e in temperature is given 
by T^-T 2 = p*(P^- P 2 )» where p is the Joule-Kelvin coefficient: 

pa =-Wt(*X) -v) 

V3P/H c ? { \3T'P J 

The derivative in the second member is the partial derivative of 
T with respect to P for constant enthalpy H = U + PV . Prove that 
.this derivative is equal to the third member. 

d) Assuming the van der Waals equation of state, 

(P + a/v 2 )(V-b) = RT 

for one mole of the gas, derive an expression for p in terms of 
Cp, a, b and T, in which you keep only terms linear in a and b. 
Note that p = 0 far an ideal gas. For what temperature range does 
this simplified equation predict heating rather than cooling? 



Figure IV7 Temperaiure-entropy dufram for hydrogen. 



Problem 4 . 

The table below is reproduced from a famous physics handbook, 
except that the entry for triply ionized silicon has been censo¬ 
red. The table shows the ionization potentials for atoms and ions 
in the beginning of the periodic table. The columns with the 
heading "I” refer to the neutral atom; the column labeled ”11" 
refers to the singly ionized ion (with the ionization energy gi¬ 
ven in eV); the column labeled "III" refers to the doubly ionized 
ion, and so on.. Making use only of the da ta in the table, try to 
restore the censored value in a reasonable way, and give a clear 
and concise account of your reasoning. Remark: In view of the limi¬ 
ted precision of the data an unduly sophisticated approach to this 
problem is not warranted. 



































Problem 5 . 

a) Find the ground state configuration of the scandium atom (Z = 21) 
What are the angular momentum quantum numbers which characterize 
the ground state? What is the symbol far this state in spectro¬ 
scopic notation? 

b) Consider a configuration comoosed of two equivalent d-electrone 

(e.g., (3d) ). Find the allowed terms for this configuration. 

From among these terms, use Hund's Rule to find the lowest-lying 
term. 


Problem 6. 

Work out the energy level splitting of the n = 2 state of the 
hydrogen atom in a uniform, static magnetic field B and a uniform, 
static electric field E, oriented at right angles to B. Ignore 
the presence of fine structure, hyperfine structure, and Lamb 
shift effects (i.e., assume that all the n = 2 levels are initially 
degenerate before the application of B and E). 

The following matrix element may be useful: 

{^(2p,m=+l)[x ^(2s,m=0)> = - ^2 

Y2 


Problem 7 . 

In the study of rotational spectra of molecules the molecule is 
regarded (in a first approximation) as a rigid body, "an asymmet¬ 
ric top," characterized by three principal moments of inertia. 

We are thus led to consider Hamiltonians of the form 

2 2 ? 

H = AJ£ + BJg + CJj 

where the constants A, B and C are inversely proportional to the 
moments of inertia , and the where the are the components of J. 

a) Consider the case when A, B.and C are all unequal, and when the 

o 

angular momentum quantum number j is equal to 1, i.e., J = j(j+l) 
= 2, and find the eigenvalues of H is this case. Note that J 2 
commutes with H, 30 this problem makes good sense. 

b) Find the corresponding eigenvectors of H, normalized to unity, 
and expressed relative to the standard representation of the 
angular momentum matrices in quantum mechanics. 



Problem 8. 


■ In an attempt to compute the ground state energy of the Be atom 
within the Pauli-Schrbdinger theory a certain (16-component) 
trial wave function was invented. With this normalized vector 
<j( one finds tha t 

<^I H kin *> * A ' <^pot ’ B 

where A > 0 and B > 0 are certain numbers which do not satisfy 
the condition B = 2A. The kinetic energy H k ^ n and the tota 1 
electrostatic potential energy Hp Qt have been taken into account, 
but the spin-orbit, spin-spin, and other refined interactions have 
been neglected, and will be neglected in what follcws. Within this 
approximation (A-B) is thus an upper bound on the ground state 
energy. Since B ^ 2A it is easy to find an improved upper bound 
(i.e., a bound lower than A-B) on the ground state energy. Find 
this improved bound, expressed in terms of A and B, and explain 
your reasoning. Hint: Consider transformations which scale the 
coordinates applied to the wave function 


Problem 9 . 

a) Let A and B be two vector operators which commute with £ (where 
the components of g are the Pauli spin-matrices) but not nscessa- 
rily with each other.' Prove that 

(a »A) (o *B) = A *B + io*(A*B) 

b) In a polarized beam of 3pin l/2 particles all the particles are 

in the 3pin state m 3 = +l/2 (relative to some axis). A subsequent 
measurement is me de of the component of the spin in a direc¬ 

tion at 45° to the original axis. What Is the expectation value 

< of this component? 

c) Imagine an ensemble of neutrons prepared at time t = 0 in a 

state with m g = +l/2, with respect to an axis k. Far t > 0 the 

ensemble is subject to a magnetic field of magnitude B which is 

perpendicular to k. Find the probability for the state m = -l/2 

a3 a function of the time t > 0. Give answer in term 3 of B, t and 

the magnetic movent u of the neutron. 

n 



Problem 10 . 

2 2 

We consider transitions from a ^ 3/2 “ 3tat ® t0 the s i/2 S round 
state of an alkali atom. Specifically we observe the emitted light 
for the transition from an initial state with = +3/2 to the fi¬ 
nal state raj = +l/2. The quantum number m^ here refers to the com¬ 
ponent of the total angular momentum J in the 3-direction, in 
accordance with standard conventions. 

a) Derive an expression for the "unpolarized angular distribution" 
I 0 (e) as a function of the unit vector e pointing in the direc¬ 
tion of observation. Normalize the function I (e) 3uch that the 

o ** 

quantity I (e)*Afl is the probability that an emitted photon will 
emerge within a "small" cone of solid angle Ail centered about e. 

We can imagine that the number of decays (to the ground state) per 
unit time is n, and the quantity n*I 0 (e).&Ct is . then the counting 
rate of an ideal, polarization-insensitive detector with a solid 
angle of acceptance equal to Ail . 

b) Suppose now that a polarization filter is placed in front of the 
detector in part a). We assume that the filter lets through un¬ 
hindered rieht-screw light, but completely absorbs light of the 
opposite state of polarization. 3y a ri^it-screw photon is here un¬ 
derstood a photon of helicity +1: in the classical description a 
rigjit-screw electromagnetic wave is such that looking in the direc¬ 
tion of propa^tion the electric vector rotates in the clockwise 
direction. The counting rate as a function of direction is now 
n»I R (e)»Afl . Derive an expression for I R (g), and point out some 
physically obvious features of this function. 

c) The function I^Ce), which refers to the situation when the 
detector is fitted with a filter which lets through left-screw pho¬ 
tons but absorbs right-screw photons, is obviously given by I T (e) = 
- I 0 (®) - I R (e). There is another simple relationship between 
I L (eJ and I R (e) which you should point out and explain physically. 
Also explain why it is obvious that the integrals of I D (e) and 
I^(e) over all directions have the values they have. 



